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CHAPTER I
I INTRODUCTION
A. Motive for the Experiment
1. Attempt to analyze results of achievement
tests for remedial work in arithmetic.
Stanford Achievement Tests ^ were administered in grades 7 and 8,
2/
and Metropolitan Achievement Tests in grades 5 and 6 during March 1941.
This was the usual practice in the school. After the tests were scored,
profiles made out for each pupil, and medians determined, it was decided
that it would be desirable to analyze the tests in arithmetic fundamentals
in order to determine the difficulties of the pupils so that remedial
treatment might be given where it was needed.
It was discovered that many of the exercises in the tests were
made up of material that was not attempted in the grades in which the
tests were given, and that much more was not the kind of material that
should be presented for drill.
Many more of the exercises were of questionable value to the pupils
in the grades under consideration.
It was decided to go into the matter in more detail, so in Sep-
tember 1941 arrangements were made for careful consideration of the con-
ditions of the fundamentals in the above mentioned grades.
1/ New Stanford Achievement Test. Advanced Examination; Form W.
Copyright 1929, World Book Company.
£/ Metropolitan Achievement Tests. Intermediate Battery: Form E.
Copyright 1937, World Book Company.
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%1 in long division involving decimals (not U.S. money)
1 in long division with whole numbers
1 in finding the square of a number
1 in finding square root
1 in addition of signed numbers
1 in algebraic multiplication
1 in simplification in algebra
1 involving angles in a triangle
1 involving the volume of a cone (formula not given)
1 solving for an unknown (algebraic formula)
According to a study by Dalrymple ^ 92.942 per cent of fractions
used in life are halves, fourths, thirds, eighths, and twelfths. Bear-
ing this in mind and glancing at the fractions in the test it can be
seen that much of the work in fractions and mixed numbers in the test
is quite beyond adult usage.
A study by Lindberg 1/ would indicate that the decimals used in
the test were of questionable value. Perhaps these decimals, except
U. S. money, have no place in the drill phase of arithmetic, and there-
fore should have no place in a test intended to measure the efficiency
of pupils in the fundamentals.
The exercise in addition of compound weights (tons and lbs.) would
be seriously questioned by WilsoJ^in her study of the value of such
materials in drill based on a consideration of their use in life.
1/ Dalrymple, C.O. The Fractions of Busin es s and Life . Doctor’s
Dissertation, Boston University, 1953.
2/ Lindberg, Olive M. A Study of the Present Use of Decimals in
Manufacturing, Master’s Thesis, Boston University, 1937
3/ Wilson, Dorothy W. What Weights and Measures Facts are Retained
in Memory and Why . Master’s Thesis, Boston University, 1936
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1 in long division involving decimals (not U.S. money)
1 in long division with whole numbers
1 in finding the square of a number
1 in finding square root
1 in addition of signed numbers
1 in algebraic multiplication
1 in simplification in algebra
1 involving angles in a triangle
1 involving the volume of a cone (formula not given)
1 solving for an unknown (algebraic formula)
According to a study by Dalrymple ^ 92.942 per cent of fractions
used in life are halves, fourths, thirds, eighths, and twelfths. Bear-
ing this in mind and glancing at the fractions in the test it can be
seen that much of the work in fractions and mixed numbers in the test
is quite beyond adult usage.
A study by Lindberg i/ would indicate that the decimals used in
the test were of questionable value. Perhaps these decimals, except
U. S. money, have no place in the drill phase of arithmetic, and there-
fore should have no place in a test intended to measure the efficiency
of pupils in the fundamentals.
The exercise in addition of compound weights (tons and lbs.) would
be seriously questioned by Wilsoi^in her study of the value of such
materials in drill based on a consideration of their use in life.
I 1/ Dalrymple, C.O. The Fractions of Business and Life . Doctor’s
Dissertation, Boston University, 1933.
2/ Lindberg, Olive M. A Study of the Present Use of Decimals in
Manufacturing. Master’s Thesis, Boston University, 1937
3/ Wilson, Dorothy W. What Weights and Measures Facts are Retained
in Memory and Why . Master's Thesis, Boston University, 1936
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Wilson says, "Addition, subtraction, multiplication, and division of
compound numbers should be omitted from course requirements and from
all tests."
Much of the material in the latter part of the test is of interest
and of value to boys and girls of junior high school age, but is material
which should be presented in the school from an informational or appre-
ciation standpoint, not as drill material. Hence, it presents small
opportunity for diagnosis of errors in the fundamentals.
Addition, subtraction, multiplication, and division were mixed
in the test in such a way that it would be necessary for the pupil to
stop and ascertain the process in each and every case before attempting
the exercise. This, many of them neglected to do. Many pupils added
in exercises calling for subtraction, and subtracted in exercises call-
ing for addition.
Myers ^says, "A type of error very annoying to the learner is
the confusing of one operation for another. It is a matter of pressing
the wrong button. For example, he is supposedly adding, but subtracts;
or vice versa. .. .Such confusions, ensue no doubt, particularly on account
of too frequent shifts of children’s work in their early number learning
from one process to another."
2/Wilson and his collaborators point out that undoubtedly the
"child is greatly aided if the processes are kept separate." It would
seem to follow that the testing of the processes might well be kept
separate. The answer one obtains when he subtracts in an example that
1/ Myers, Gary C. The Prevention and Correction of Errors in Arithmetic.
Plymouth Press, Chicago, 1925, p. 31-52
2/ Wilson, Guy M., Stone, Mildred B., and Dalrymple, C.O., Teaching the
New Arithmetic
.
McGraw-Hill Book Company, Inc., 1939, p. 128
I Ha
-
!
i
-
,s. )Jntlbbs 'to'-t 3/ix
ai 1 9ii L edt c: ^ £isv ions la *
I
...»
'
.-i r o c.t .,••• ' . .
•
. .
... .
. .
. . 3 • i U
calls for addition in no way tells anything about his ability to add or
to subtract but rather indicates that he does not carefully read direc-
tions.
The conclusion is, after a brief study of the subject matter of
the test, that it is of little value in diagnosing the weaknesses of
pupils in the fundamentals of arithmetic.
Hawkes,-^Lindquist, and Mann in the consideration of subject
matter for a valid test point out that, "If there were available for
a given course a detailed description of the specific elements of
achievement which individually and collectively are considered essential
to promotion, and if each, or if a random sample of these elements could
be measured by separate test items, then a "passing grade" could be
meaningfully described, but in this case it would be at or near 100 per
cent, and not 60, 70, or 75 per cent."
Following this statement it would seem quite obvious that a test
in the fundamentals of arithmetic might be composed of "the specific
elements of achievement which individually and collectively are con-
sidered essential...." and when such a test is given a "passing grade"
would be at or near 100 per cent.
"The one program of arithmetic which can be tested legitimately
and in detail is that phase which relates to drill mastery of the useful,
computational facts and skills sufficiently needed in daily life to
justify perfect mastery; in other words, the strictly drill phases of
arithmetic can be set up definitely and can be tested with equal de-
1/ Hawkes, Herbert E., Lindquist, E.F., and Mann, C.R., ~The Construction
and Use of the Achievement Examination . Houghton, Mifflin Company,
Boston 1956
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finiteness."^
2. Study of ranks of these pupils for
two preceding years.
The records of the ranks (marks) of these pupils were tabulated
and studied. This was to get a clearer idea of how well they were
doing in their school work in the subject of arithmetic.
Hanks for two years were checked and the number of passing ranks
and the number of failing ranks were tabulated.
There were 640 ranks in arithmetic given to the pupils of the
four grades during the preceding two years. Of these 79 were ranks
below a passing rank, 70. The letter designating failure, or below
70 per cent, was F, and F appeared on the records 79 times.
B. Objectives of the Experiment
1. What processes will be considered in the
experiment?
With a full realization of the magnitude of correcting the errors
that have been accumulating for years it seemed desirable to take a
definite part of the work for this experiment.
The process of addition was decided upon as one phase of the work
to be included. As multiplication needs addition to build upon, the
process of multiplication was also selected. Both of these processes
are, theoretically, mastered before the fifth grade, so the work can be
considered remedial through any or all of the four grades.
l/ Wilson, Guy M., Stone, Mildred B., and Dalrymple, C.O., Op. cit., p. 367
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2. What is the standard expected?
It was shown through the analysis of the pupils' ranks in arithmetic
that more than 12 per cent of those ranks were of a grade lower than 70
per cent. Using this standard, fewer than 88 per cent of the pupils
were successful even in achieving a rank of 70 per cent. It is a question
whether even 70 per cent accuracy is of great value in the processes of
addition and of multiplication.
Burnham ^ says, "The function of the teacher is to provide oppor-
tunity for a suitable task and the conditions that make success for the
individual possible."
2/WiLson states, that, "Mental hygiene teaches that the child is
entitled to a sizable, self-chosen task. If it is sizable, perfect scores
are easily possible. The only right standard for drill is the 100 per
cent standard, and this is easily possible in arithmetic because the
processes calling for drill are few. A general average of 75 or 30 per
cent for a class in a simple test in addition means that over three-
fourths of the class have made mistakes, and this is not satisfactory
from any angle. No banker wants a book-keeper vmo makes any mistakes
in simple addition."
The standard aimed at then will be the 100 per cent standard. The
work attempted in the experiment will of necessity be in small enough
units to permit 100 per cent accuracy.
3. Can expected standards be attained?
Other studies in the field will be of interest at this point to
1/ Burnham, William H., The Normal Mind . D. Appleton and Company,
New York, 1924, p.228.
2/ Wilson, Guy M., Stone, Mildred B., and Dalrymple, C.O., Op. cit.,
p. 94-95
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3show what has been accomplished in raising the standards of accuracy in
the fundamentals.
Ruth Dority ^ in her "Six Months of Remedial Arithmetic" makes
some valuable discoveries. Given seven almost hopelessly lost arith-
metic pupils, she makes the following conclusions after six months
corrective training:
"What was accomplished during these six months? More than was
pictured in the rosiest dreams of the teacher. From that weak, depen-
dent, inaccurate, failing group of youngsters, came seven accurate,
independent, and successful workers who did as well as the rest of the
class. Their heads were high when the arithmetic was announced."
2/Bowdren made a careful study of five "fai Lures" in arithmetic
in grades 5-6. Miss Bowdren diagnosed the five cases in detail to dis-
cover the causes of failure. Then she worked out with each child a
procedure to help him to overcome his weaknesses.
5/Pucko also studied five cases which were considered almost
hopeless failures. In this thesis he ably describes the effort put
forth on the 100 per cent plan to correct the weaknesses. The results
were enlightning.
4/
Soles made a study of twenty-three pupils. He analyzed their
abilities and achievements in the field of arithmetic. His work centered
on the process of addition. In this process, errors were diagnosed and
1/ From Wilson, Guy M., Stone, Mildred B., and Dalrymple, C.O., Op. cit.
p. 394-400.
2/ Bowdren, M., Five Cases of Arithmetic Failures . Master's Thesis,
School of Education, Boston University, 1935.
3/ Pucko, R., Five Gases Studied of Arithmetic Failures . Master's Thesis,
School of Education, Boston University, 1955.
4/ Soles, E., Diagnosis and Corrective Measures in Addition . Master's
Thesis, School of Education, Boston University, 1935.
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intensive treatment administered with worthwhile results*
1/
Randall tested two hundred pupils in a junior high school using
2/
the Wilson Inventory Tests. The five tests used were: A.P., S.P.,
M.P., S.D.P., and L.D.P. After these tests were administered and results
determined eleven pupils were chosen for special consideration. These
chosen pupils all had I.Q.'s above 100 and all showed marked deficiencies
in the fundamentals of arithmetic. With these eleven cases, errors were
diagnosed, individuals were studied and with 100 per cent as the goal,
remedial procedures were successfully carried on.
3/Yarbrough tested four sixth grade groups in the four funda-
mentals of arithmetic. Out of 127 children it was found that 125 of them
needed corrective work. Only one child out of 127 received 100 per cent
in all the processes. Miss Yarbrough carried on intensive, corrective
procedures for six months. At the end of that time results were grati-
fying, but it was found that 72 still needed corrective work in at least
one process of the fundamentals.
4/Hanley tested 1124 pupils in grades 4, 5, and 6 in a Boston
suburb. Miss Hanley used a standard of 92 per cent as a satisfactory
basis for eliminating a child from remedial work. It was found that
1105 out of 1124 needed help. Only two of the 1124 received 100 per cent
on all their initial tests. The members of the staff of the school who
had these pupils in arithmetic worked out, under the guidance of Miss
1/ Randall. J.. Corrective Arithmetic in the Junior High School. Master's
Thesis, School of Education, Boston University, 1936.
2/ The Wilson Inventory and Diagnostic Tests in Arithmetic. The Palmer
Company, Copyright 1938.
3/ Yarbrough. D.. Diagnosis of Puoil Errors in Arithmetic. Master's Thesis
School of Education, Boston University, 1938.
4/ Hanlev. G. The Corrective Load in the Fundamentals of Arithmetic,
Grades IV. V. and VI, Master's Thesis. Boston University, 1933.
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Hanley, procedures intended to remedy the condition. These procedures
were carried on during the winter until March when the final tests were
administered. On the March test 159 pupils received a score of 92 (or
over). This compares rather favorably with the 19 pupils who received
such scores on the initial tests.
Nelson ^ tested 1215 pupils in a junior high school in the four
fundamentals of arithmetic. Then using 100 per cent as a satisfactory
grade, she found that 88.24 per cent fell below in subtraction; 97.25
per cent fell below in multiplication; and 94.35 per cent fell below
in long division.
2/Ringer, who made a study of existing conditons and corrective
procedures needed in grades 7 and 8, presents the following as her
conclusions:
" (l) Improvement in scores can be expected after a short intensive
program of corrective and remedial exercises.
" (2) Cases of loss of score should be expected in some cases after
a period of relazation, such as summer vacation.
"(3) More and further improvement in scores can be expected after
a longer period, or a continual period of corrective work.
"(4) The first emphasis should be put on 100 per cent accuracy in
score. Improvement in time or speed, should be emphasized only when
100 per cent accuracy has been attained. Improvement in time can more
readily be noticed in the long tests.
1/ Nelson, H., Corrective Load in Arithmetic in the Junior High School .
Master's Thesis, School of Education, Boston University, 1938.
2/ Ringer, Alberta Rae, A Two Year Diagnostic and Corrective Study in
the Four Fundamentals of Arithmetic with a Group of Children through
Grades Seven and Eight . Master's Thesis, School of Education, Boston
University, 1940.
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"(5) Every child should he expected to check his work. Chance
or careless error can be tracked down. The total time is usually in-
creased if checking is emphasized. Yet the actual time for the com-
pletion of the test is shorter.”
Cooke ^ discovered that at the beginning of his study three
pupils out of five disliked arithmetic. However, with the elimination
of some of their difficulties, they made progress. With progress
there developed a favorable attitude toward arithmetic by each of
these three. He also found that from the data available it was safe
to conclude that a greater part of the gain in achievement was due
to individual remedial work.
2 /Mann =* tested 240 pupils in the junior high school in the
four processes for automatic response. Her conclusion was, "This
7A group has not attained anything like mastery of the 182 combi- •
nations used in this survey.” Only 2 per cent had 100 per cent
mastery of all processes.
5/
Foote studied the arithmetic ranks of pupils in two high
schools. He found that arithmetic efficiency appeared to decrease
when high school pupils spend one or more years without any formal
arithmetic work. He worked with a remedial group in arithmetic com-
putation and reasoning. The remedial group made more progress than
control groups which had some form of high school mathematics during
1/ Cooke, Dennis, "Diagnosing and Remedying the Difficulties of a Small
Group in the Peabody Demonstration School
,
George Peabody College
for Teachers, Peabody Journal.
2/ Mann, Rubie, The Need of Junior High School Pupils for Stronger Bonds
in Arithmet ic, Master’s Thesis, University of Southern California, 1929
5/ Foote, Lewis F., The Need and Value of Remedia l Arithmetic , Master’s
Thesis, University of New Hampshire, 1933.
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the term of the experiment.
Stull ^ made comparisons of groups within the junior high school.
He compared groups with groups and norms of groups with standard norms.
He concluded that pupils generally were deficient in addition and mul-
tiplication. Stull emphasized the necessity of accuracy in these
fundamentals. His study was especially interesting as the present
study deals specifically with the processes of addition and multiplication
2/Earle worked out an experiment in drill in grades 4, 6, and 8
in the Newport, Rhode Island Schools. She had each grade divided Into
experimental and control groups. In grade 4 the teachers worked only
with the process of addition. In grades 6 and 8 they worked with the
processes of addition and multiplication. Table 1 is taken from Earle's
thesis. This table shows the comparison of gains in mean scores obtained
in the final tests over the initial tests by the pupils in the three
grades. Wilson's Inventory and Diagnostic Tests were used in this ex-
periment.
Following are the conclusions *h ich Earle made concerning the
findings in her study:
"(1) There is an appalling need for corrective work in the funda-
mental processes of arithmetic beginning as early as the fourth grade
and extending through the eighth.
"(2) Pupils respond to corrective procedures.
"(3) The gains resulting from corrective procedures may be expected
1/ Stull, Milton J., A Survey of the Arithmetic Achievement of the
Seventh and Eighth Grades of the Harnell Junior High School
, Master '
s
Thesis, New York State College for Teachers, 1936.
2/ Earle, Ruth T., A Study of Corrective Arithmetic in Grades IV. VI. VIII
Master's Thesis, Boston University, 1940.
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TABLE 1
Showing the Comparison of Gains in Mean Scores Obtained in Final
Tests by Experimental and Control Groups Taken as Wholes
A. P. Test
Grade Grouo
No. of
Pupils
Oct.
Test
Mar.
Test Difference
Differences
Between Groups
4 Exp. 293 78.86 88.64 11.79 6.65
4 Cont. 30 83.20 88.13 4.93
6 Exp. 307 87.09 90.30 3.21
6 Cont. 34 88.41 92.53 4.12 0.95
8 Exp. 163 88.12 95.21 7.09 7.33
8 Cont. 154 88.75 88.51 0.24
M. P. Test
Grade Group
No. of
Pupils
Oct.
_.Te£t_
Mar.
_
Test
_
Difference
Differences
Between Groups
87.67 13.45 6.83
88.27 6.62
93.54 13.30 10.74
83.87 2.56
Exp. 309 74.22
Cont. 34 81.65
Exp. 167 80.24
Cont. 162 81.31
I • i* -
n (4) Many eighth grade teachers apparently feel no obligation
to do any corrective work in arithmetic fundamentals. Few sixth grade
teachers seem to feel any such obligation. Most fourth grade teachers
seem to take it for granted that corrective procedures are a part of
their routine class work.
"(5) The amount of time necessary to devote to corrective pro-
cedures varies inversely with the age of the pupils.
"(6) In the limited amount of time available to class room teachers
it is possible to do corrective work.
"(7) Judging from the differences found in the results of the
control and experimental groups, classes who deliberately take time
for corrective procedures make greater gains in the arithmetic funda-
mentals than those who do not practice such procedures. Such gains are
usually statistically significant.”
C. Setting for the Experiment
1. The school concerned
The school in which this experiment was carried on is an elementary
and junior high school composed of grades 1 through 8. Each grade is
in one room. Each grade below grade 6 has one teacher who handles all
the work of that grade except the work in art and music. Each of these
subjects is taught by a special teacher who spends one day each week in
the school.
Grades 6, 7, and 8 are departmentalized to some extent. Mathe-
matics is the major work of one teacher; English of another; science
and home economics of another; and social studies of the fourth.
There are eight regular teachers and the principal in the school,
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with two special teachers on duty one day each week. The principal
spends about one-half of the day in class room teaching and the other
half on administrative and supervisory duties.
The school plant is modern and well planned. The town it serves
is a typical small New England town of approximately 1500 persons.
2. Cooperation of arithmetic teachers
The arithmetic in grades 5, 6, 7, and 8 is taught by two teachers.
One teacher has grade 5. The other teacher handles the mathematics in
grades 6, 7, and 8.
Both teachers were very much interested in the experiment and
were ready to cooperate in every way in carrying out the necessary
activities along the lines of remedial work.
D. The Problem
The problem of the study may be stated briefly: Can pupils through
analysis of errors and corrective procedures in drill meant to correct
these errors, materially improve their efficiency in the admitted es-
sentials of the addition and multiplication processes? Can results
nearing 100 per cent accuracy be attained?
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CHAPTER II
PROCEDURE OF THE EXPERIMENT
To work out the procedure for the experiment it would be well to
look into some of the literature in the field of arithmetic.
Klapper ^ says, ’’There are few complaints against current edu-
cation that come with greater frequency than those directed by business
men who find the school graduate unable to measure up in arithmetic
to demands of commercial life. It is charged that he is inaccurate,
unduly slow in his calculations and unable to meet a new arithmetic
situation, however slightly it is changed from the type.*1
9/
Myers states, "You will be astonished to find how large a number
of pupils in the sixth grade have never mastered the most elemental
skills."
3/Nygaard points out, "Very few pupils who have finished their
grade work in arithmetic can be depended upon to add correctly a
column of numbers having two or more digits each, especially if the
column is quite long."
Using such charges as a basis for building up a procedure it be-
came evident that the first requisite was testing program. These
tests must measure the degree of efficiency in the fundamentals that
1/ Klapper, Paul, The Teaching of Arithmetic . Second Edition, D. Appleton
and Company, New York, 1934, p.45.
2/ Myers, Garry Cleveland, "Corrective Work in Arithmetic", The Grade
Teacher
.
Volume 51, February 1934, p.36.
5/ Nygaard, P.H., "Accuracy in Addition", Mathematics Teacher . Volume 32,
March 1934, pp. 152-155.
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are under consideration in this experiment, namely: the processes of
addition and multiplication.
Turner ^ says, "Emphasis must be placed on the mathematics needed
in school and life situations in order that satisfactory progress
results."
It is evident that the two processes of addition and multiplication
are needed in life situations as well as school situations, so the
public is justified in expecting a high degree of accuracy in these
processes.
2/William and Whitaker explain that, "The large number of failures
resulting from arithmetic deficiency is not only a serious item of ex-
pense to the schools and the pupils, but the prospective employers
and the general public adopt a very critical attitude at times con-
cerning these unsatisfactory results."
For the purpose of measuring the degree of efficiency in the pro-
cesses of addition and multiplication three tests were administered
to the pupils concerned. These were Wilson’s A.P., A 3, and M.P. Tests
These tests were given early in October to all of the pupils in the
four grades, 5, 6, 7, and 3.
5/
Brueckner found through surveys that perhaps the chief cause
of non-promotion in school is failure in arithmetic. He attributed
failure in arithmetic partially to the fact that non-essential tra-
1/ Turner, C.F. "What Need for Arithmetic in Grade 8", Sch ool Review
XLV, October 1957, pp. 592-601.
2/ Vifilliams, Claude L. and Whitkaer, Ruth L., "Diagnosis of Arithmetic
Difficulties", Elementary School Journal . Volume 37, April 1937, p.592
3/ Brueckner, Leo J., Diagnostic and Remedial Teaching in Arithmetic .
John C. Winston Company, 1930, pp.1-12.
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ditional subject matter was commonly attempted in the elementary school
at a point where it was much too difficult for the children. Conse-
quently, the children worked unsuccessfully at this meaningless material
at the expense of socially valuable processes on which success later
on and public opinion build their foundations.
This experiment in no way attempted to evaluate the program in
arithmetic within the school, but the remedial work undertaken was
carried out with the realization that the processes involved in the
experiment are essential processes and worthy of complete mastery.
Achievement of mastery of addition and multiplication was attempted
in the experimental group at the expense of other subject matter con-
sidered less essential. That is, corrective work was carried out
during a part of the scheduled arithmetic periods.
After the tests were administered, the results were tabulated in
detail so that the standing of each group, each grade, and each pupil
could be determined and understood. This was necessary as a basis
for comparing results at the close of the experiment.
Intelligence tests —^ were administered to the pupils to help in
the diagnosis and to give more criteria for finding the value of the
experiment. Grades 5 and 7 were arbitrarily set up as experimental
groups and grades 6 and 8 as control groups.
Tests of the experimental group were diagnosed in detail to locate
the process difficulties of the pupils so that corrective treatment
could be given where it was needed. Special periocfe of twenty minutes
1/ Otis, Arthur S., Otis Self-Administering Test of Mental Ability .
World Book Company, Yonkers-on-Hudson, New York, Copyright 1922.
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each three times per week were taken from the regular arithmetic
periods during the months of November, December, January, and February
for definite individual remedial work.
Tests were given in March to show the results of the experiment.
A study of the tabulation of scores will disclose this value.
The important procedure during the experiment was the use made
of the corrective arithmetic periods with the experimental groups.
It was conceded before corrective work was attempted that, "The
arithmetic fundamentals are useful enough in daily life to justify
drill and that the degree of mastery for drill work is 100 per cent
mastery."^
With the realization that the experiment was valid and that
mastery of the two processes was sound practice, it became evident
that in order to achieve that mastery it was necessary to find out
why the pupils did not already have mastery of processes that they
had been working at several years.
r _ 2/Kallora says, "By diagnosis is meant the taking of certain
symptoms that exist and finding out from them what the trouble is."
5/
Osburn says, "The fundamental thesis of corrective arithmetic
is the idea that the function of the teacher is to help the child
to learn things of value in arithmetic which he is capable of learn-
ing but has not learned."
1/ Wilson, Guy M., "The Challenge of One Hundred Per Cent Accuracy in
the Fundamentals of Arithmetic", Educational Methods 15, November 6,
1935, p.92.
2/ Kallom, A.W., "The Importance of Diagnosis in Educational Measurement"
Journal of Educational Psychology . 10, pp.1-12.
3/ Osburn, Wr .J., Corrective Arithmetic , Volume 1, Houghton Mifflin
Company, Boston, 1929, p.100.
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Again Osburn gives the function of corrective arithmetic at1/
another point in his writings thus:
"(a) to provide a method of diagnosing pupil needs.
"(b) to provide suitable experiences in the way of practice
material for the relief of those needs.”
The diagnostic tests furnished the means by which the needs of
the pupils might be determined. Then suitable experiences must be
given to remedy the weaknesses.
?/
Sweeney —
' says, "Accuracy first—speed should follow. Accuracy
must be stressed and fought for in order to bring out the habits of
work and thinking which will eliminate errors so ruinous to any form
of calculation."
Then while giving, the suitable experiences it should be borne
in mind that accuracy is the first thing to work for. Speed is
secondary and must not be obtained at the expense of accuracy.
Corrective work was looked upon as individual instruction, in
that each pupil was given corrective work on the facts and processes
which his test showed him to be troubled with. In many cases more
than one pupil was found to have the same difficulty. In such cases
two or more pupils might be working on the same kind of corrective
work. But in no case were pupils forced to work om process difficulties
that were not their difficulties. Each pupil was encouraged to diag-
nose his own errors, so that he could better understand where he needed
1/ Osburn, W. J., Op. cit., p.3.
2/ Sweeney, M.C.,"100 Per Cent in the Fundamentals" Bibliography f.
Educational Methods . 16:170-4 January 1937.
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corrective work. Such a plan gives motivation and life to work.
The control groups, grades 6 and 8 were permitted to continue
with regular arithmetic as in previous years. No special effort was
made to improve their skill in the processes of addition and multi-
plication. They worked on the regular programs for their respective
grades.
The experimental groups, grades 5 and 7, were told that they were
trying an experiment and that at the close of the experiment they
would be tested again to find out how much progress had been made.
They entered into the plan with enthusiasm and in every way cooper-
ated to help make themselves more efficient in the processes considered.
To sum up, the procedure of the experiment may be outlined as
follows:
1. Initial tests were administered to determine the
standing of individuals and groups. Otis Intelligence Tests and
Wilson's A.P., A 3, and M.P. Tests were used.
2 . Results were tabulated.
3. Grades 5 and 7 were designated as experimental groups
and grades 6 and 8 as control groups.
4. Four months of diagnostic and corrective work was
given to the experimental groups.
5. Final tests were administered.
6. Results were tabulated.
7. Comparisons were made of initial test results and final
test results of the experimental and control groups to determine the
value of the experiment.
.
i <
.
'
xic i- vi-rcvr ^stiT *noiixioiXq
,
. I
l»9 refeiai o a^ .eeooK 9rii ni &a ao ’r-vl<- smstit eatBm qlsn o.t t A*
.y.'.o ;o iwJo&ot m.. tqu oura oT
:
; .- o .i.10
1
. . i - - -
1
• ;J - .
. :u
1
' X .. .X
.b -i '-j aJ'Xtfa-. :I . ;
•
.
:>
•• lo'T.' : • l V'
i . - - XO ‘ Oi i[OVS\y
.
> i , i.
’
.
•
"
'i . : • 1 J ; , • f!
1
,i-
v
:*d 1< >ui s\r
8. Conclusions were drawn from the results
The objective of the procedure was to obtain criteria on the basis
of which could be determined the value of diagnostic and corrective work;
and to determine whether accuracy nearing 100 per cent could be at-
tained in grades 5 and 7.
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CHAPTER III
INITIAL TESTING
A. Tests Used
In early October the initial tests were given to the pupils of
grades five, six, seven, and eight. The tests used were the Wilson
Inventory and Diagnostic Tests in addition and multiplication. Two
tests were used in addition; these tests were the A.P. Test, (Addition
Process), and the A 5 Test, which tests on the related decade facts to
39 plus 9. The test used in multiplication was the M.P. Test, (Multi-
plication Process). These three tests were given to all pupils of the
four grades.
B. Tabulation of Results
The results of the tests were tabulated and the tables showing
the results follow:
Table 2 is an introductory table bringing together certain infor-
mation concerning the pupils in grade five. Tables 3 through 5, and
41 through 44 follow the same plan as table 2
,
so the explanation of
the plan of table 2 applies equally to those tables.
In table 2 each pupil in grade five is given a number. These
numbers are carried through to the corresponding table of the final
tests, so that the record of the initial test of a pupil of a given
number can be compared with his record on the final test. This table
shows each pupil’s chronological age, his intelligence quotient, his
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TABLE 2
Showing Pupils’ Numbers, C.A., I.Q., Scores, Time in Minutes, and Mean
Scores for Each Pupil in Gra<de Five on the Initial A.P., A 3, end M.P.
Pupil C.A. I.Q.
A.
Score
Tests
P.
-Time
A 3
Score-’lime
M.
Score-
P.
-Time
Mean
Score
No.
1 13-0 79 88 14 98.7 30 76 22 87.6
2 10-3 116 72 7 99.3 20 84 14 85.1
5 9-6 129 44 20 97.0 32 80 16 73.7
4 10-4 103 68 12 98.7 21 60 14 75.6
5 9-11 95 60 12 93.0 44 76 31 76.3
6 11-2 80 68 22 96.7 47 88 15 84.2
7 9-10 138 92 5 99.3 14 72 11 87.8
8 10-7 130 100 9 98.3 20 72 11 90.1
9 10-4 128 64 22 84.3 56 52 25 66.8
10 11-11 97 56 13 98.0 40 76 18 76.7
11 11-11 96 64 22 94.3 31 80 16 79.4
12 10-10 96 60 20 96.3 48 72 24 76.1
13 11-4 86 96 25 100 56 76 25 90.7
14 10-8 113 72 7 96.0 14 72 9 80.0
15 10-3 90 80 18 98.0 40 52 24 76.7
(continued next page)
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TABLE 2 (concluded)
A. P.
Pupil
No.
C.A. I.Q. Score--Time
16 9-10 124 52 16
17 10-7 122 84 21
18 10-3 107 52 14
19 10-7 97 64 17
20 10-3 95 60 15
21 9-11 93 68 18
Range 9-6 79 44 5
11-11 138 100 25
Median 10-4 100 68 16
Mean 10-8 105.4 69.7 15.6
A 3 M.P • Mean
Score-Time Score-Time Score
96.7 32 76 18 74.9
98.0 31 80 18 87.4
60.3 33 48 25 53.4
97.0 25 56 18 72.3
96.5 20 68 11 74.8
86.3 36 48 15 67.4
60.3 14 48 9
100 56 88 31
97.0 32 72 18
94.4 32.0 69.7 18.1 77.9
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score and time for each of the three tests and his mean score for th e
*
*
three tests. In the summary at the bottom of the table are the range,
the median, and the mean for each of the items in the table. Table 2
shows that the range in C.A. of this group is 9-6 to 11-11 years. The
median C.A. is 10-4, and the mean C.A. is 10-8 years. The range in I.Q.
is 79 to 158. The median is 100 and the mean 105.4. The range in score
on the initial A.P. Test is 44 to 100. The median score is 68 and the mear
score is 69.7. The range in score on the initial A 5 Test is 60.3 to 100.
The median score is 97 and the mean score is 94.4. The range in score
on the initial M.P. Test is 48 to 88. The median score is 72 and the
mean score is 69.7.
Table 3, which is a similar table for grade 7, shows that the
range in C.A. is 10-10 to 16-6 years. The median C.A. is 12-7 and the
mean C.A. is 12-10 years. The range in I.Q. is 60 to 124. The median
I.Q. is 103 and the mean is 104.3. The range in score on the initial
A.P. Test is 52 to 100. The median score is 76 and the mean score is
77.0. The range in score on the initial A 3 Test is 91.3 to 99.7. The
median score is 97.3 and the mean score is 96.8. The range in score on
the initial M.P. Test is 56 to 96. The median score is 72 and the mean
score is 77.1.
Table 4, which is a similar table for grade six, shows that the
range in C.A. is 10-8 to 13-4 years. The median C.A. is 11-5 and the
mean C.A. is 11-7 years. The range in I.Q. is 79 to 130. The median is
107 ,5 and the mean is 104.3. The range in score on the initial A.P. Test
is 44 to 96. The median score is 84 and the mean score is 80.6. The
range in score on the initial A 3 Test is 85 to 100. The median score
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TABLE 3
Showing Pupils’ Numbers, C.A., I.Q., Scores, Time in Minutes, and Mean
Scores for Each Pupil in Grade Seven on the Initial A.P., A 3, and M.P.
Tests
A. P. A3 M.P. Mean
Pupil
No.
C.A. I.Q. Sc02
22 14-11 86 68
23 12-7 105 96
24 12-9 110 64
25 12-2 115 92
26 12-9 102 52
27 14-5 89 84
28 12-10 90 72
29 10-10 124 64
30 12-5 85 84
31 16-6 91 92
32 12-5 120 72
33 13-0 89 76
34 12-0 86 76
55 12-0 121 72
36 11-10 116 92
I
•Time Score--Time Score--Time Score
10 97.7 17 72 10 79.2
10 98.3 18 72 11 88.8
13 95 20 84 11 81.0
10 99 10 88 11 93.0
18 92.3 29 64 17 71.1
10 97.7 20 72 10 84.6
16 98.3 30 96 14 88.8
7 99.7 15 68 7 77.6
19 92.0 42 60 21 78.7
10 96.7 17 88 10 92.2
7 96.6 12 72 8 80.2
7 90.7 19 84 16 83.6
8 97.0 16 72 8 81.7
14 98.7 31 84 16 84.9
12 99.0 16 88 16 93.0
(continued next page)
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TABLE 3 (concluded)
Pupil C.A. I.Q.
A. P.
Score-Time
A 3
Score-Time
M.P
Score-
•
Time
Mean
Score
No.
37 11-3 119 88 18 98.0 23 80 11 88.7
38 14-3 60 76 13 97.3 25 72 22 81.8
39 12-2 103 64 19 91.3 25 80 14 78.4
40 12-4 110 100 8 99.3 11 96 9 98.4
41 14-0 77 56 13 96.3 28 56 12 69.4
42 12-7 111 76 12 96.0 13 72 9 81.3
Range 10-10 60 52 7 91.3 10 56 7
16-6 124 100 19 99.7 42 96 22
Median 12-7 103 76 11 97.3 19 72 11
Mean 12-10 104.3 77 12.1 96.8 20.8 77.1 12.5 83.6
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TABLE 4
Showing Pupils’ Numbers, C.A., I.Q., Scores, Time in Minutes, and Mean
Scores for Each Pupil in Grade Six on the Initial A.P., A 3, and M.P.
Tests
A. P . A 5 M.P. Mean
Pupil
No,
C.A. I.Q. Score-Time Score--Time Score--Time Score
43 12-2 79 60 11 96.3 27 56 22 70.8
44 11-5 100 88 11 96.0 18 72 16 85.3
45 12-10 101 96 11 99.3 40 84 24 93.1
46 11-1 94 88 11 96.3 22 64 16 82.8
47 11-2 111 92 11 98.0 30 96 17 95.3
48 12-1 82 76 14 99.3 25 96 13 73.8
49 10-11 101 52 27 96.0 56 80 23 76.0
50 11-8 118 96 11 96 20 92 16 94.7
51 12-1 110 96 10 97.3 19 72 16 88.4
52 12-4 94 84 20 97.7 42 52 34 77.9
53 10-8 114 68 14 97.3 28 52 13. 72.4
54 12-2 108 96 9 98.0 21 88 11 94.0
55 13-4 84 80 11 96.3 16 64 16 80.1
56 11-8 87 44 11 85.0 37 8 20 45.7
57 11-3 111 92 13 100 29 88 17 93.3
58 10-3 99 64 10 95 23 48 11 69.0
(continued next page)
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Pupil C.A. I.Q.
TABLE 4 (
A. P.
Score-Time
concluded)
A 5
Score-Time
M.
Score-
P.
-Time
Mean
Score
No.
59 11-11 94 88 10 93.0 20 36 23 72.3
60 10-10 115 68 19 97.7 35 72 17 79.2
661 11-7 114 80 19 100 22 84 13 88.0
62 11-8 99 72 22 97.0 37 68 22 79.0
65 11-2 106 76 14 97.3 37 72 20 81.8
64 11-3 107 84 11 98.7 25 68 15 83.6
65 11-1 111 88 10 98.3 11 - 80 13 88.8
66 11-5 123 80 9 98.0 28 80 15 86.0
67 11-3 113 88 13 99.0 22 88 16 71.7
68 11-2 130 96 15 98.3 23 84 16 92.8
flange 10-8 79 44 9 85.0 11 8 11
13-4 130 96 27 100 42 96 34
Median 11-5 107.5 84 11 97.7 25 72 16
Mean 11-7 104.3 80.6 13.3 97.0 27.6 70.9 17.5 82.8
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is 97.7 and the mean score is 97.0. The range in score on the initial
M.P. Test is 8 to 96. The median score is 72 and the mean score is 70.9.
Table 5, which is a similar table for grade eight, shows that the
range in C.A. is 12-1 to 15-8 years. The median C.A. is 13-4 and the
mean C.A. is 13-6 years. The range in I.Q. is 76 to 126. The median is
108 and the mean is 105.1. The range in score on the initial ^.P. Test
is 56 to 100. The median score is 36 and the mean score is 84.0. The
range in score on the initial A 3 Test is 93.3 to 100. The median score
is 98.7 and the mean score is 97.6. The range in score on the initial
M.P. Test is 68 to 100. The median score is 88 and the mean score is
86.3.
It will be necessary for the reader to study Table 6. The plan
of table 6 is followed in tables 7 through 26 and 45 through 62. There-
fore, the explanation of table 6 is equally applicable to tables 7
through 26 and 45 through 62. In table 6 the scores from 100, or perfect
score, down to the lowest score made by any pupil in this test, are in-
dicated at the left. The time is indicated at the top. At the ri^at
in next to the last column is shown the number of pupils making each
score on the test. In the last column on the right the number at each
score is expressed in per cent. For instance on the A.P. Test, for which
results are shown in table 6, one pupil made a scare of 100 in 9 minutes.
Opposite 100 under totals this one appears, and to the right of this,
under per cent, 4.8 is indicated. That is, the one pupil is approximately
4.8 per cent of the twenty-one, the number in the class.
At the bottom of the table totals on a time basis are indicated.
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TABLE 5
Showing Pupils' Numbers, C.A., I.Q., Scores, Time in Minutes, and Mean
Scores for Each Pupil in Grade Eight on the Initial A.P., A 3, and M.P
Pupil C.A. I.Q.
Aj.
Score-
Tests
j\
-time
A 3
Score-'Time
M.
Score-
P.
-Time
Mean
Score
No.
69 15-1 109 92 10 98.7 20 84 9 91.6
70 12-1 126 92 9 99.7 12 84 7 91.9
71 12-8 112 88 5 98.7 19 72 7 86.2
72 15-10 106 64 12 94.0 10 68 14 75.3
75 12-11 100 56 8 94.7 21 68 8 72.9
74 15-5 104 84 9 94.7 20 100 12 92.9
75 14-7 97 88 5 99.0 14 88 7 91.7
76 14 86 76 8 99.0 18 96 10 90.5
77 15-8 76 76 9 99.0 14 88 8 87.3
73 13-2 108 84 9 98.3 20 92 13 91.4
79 13-6 112 88 12 96.0 20 84 9 89.3
30 13-7 94 76 8 93.3 21 80 10 83.1
31 13-3 86 76 9 94.3 18 92 7 90.8
82 13-8 108 96 6 100 15 84 9 93.3
35 13-11 113 100 8 98.7 10 92 8 96.9
84 12-11 114 92 8 99.7 15 92 9 94.3
(continued next page)
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TABLE 5 (concluded)
Pupil C.A. I.W.
A.
Score-
P.
-Time
A_
Score
3
-Time
M.
Score
P.
-Time
Mean
Score
No.
85 14-7 105 96 5 98.3 15 88 3 94.1
36 12-11 114 92 7 97.0 13 80 8 90.0
37 15-3 108 80 9 97.0 18 96 9 91.0
83 13-11 104 84 9 99.0 18 88 15 90.3
39 13-4 109 76 9 99.0 11 92 7 89.0
90 13-3 117 92 8 97.0 16 88 9 92.3
Range 12-1 76 56 5 93.3 10 68 7
15-8 126 100 12 100 21 100 15
Median 13-4 108 86 8.5 98.7 17 88 9
Mean 13-6 105.1 84 8.3 97.6 16.3 86.3 9.2 89.
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Below the time-totals line certain summary data appear, namely; range in
score and time, median score and time, mean score and time, and finally,
the percentage at 100 and the corrective load*
The explanation just given for table 6, as indicated above applies
equally to tables 7 through 26, and 45 through 62*
Table 6 shows that the range in score is 44 to 100, the median
score is 68 and the mean score is 69*7. The range in time is 5 to 25
minutes, the median time is 16 minutes, and the mean time is 15.6 minutes.
The per cent at 100 is 4.8 and the corrective load is 95.2 per cent.
Table 7, which shows the distribution according to time and score
for grade six on the initial A.P. Test, shows that the range in score is
44 to 96, the median score is 84 and the mean score is 80.6. The range
in time is 9 to 27 minutes, the median time is 11 minutes, and the mean
time is 13.3 minutes. There were no pupils who obtained 100 so the
corrective load is 100 per cent.
Table 8, which shows the distribution according to time and score
for grade 7 on the initial A.P. Test shows that the range in score is
52 to 100, the median score is 76, and the mean score is 77.0. The range
in time is 7 to 19 minutes, the median time is 11 minutes, and the mean
time is 12.1 minutes. The per cent at 100 is 4.8 and the corrective load
is 95.2 per cent.
Table 9, which shows the distribution according to time and score
for grade 8 on the initial A.P. Test, shows that the range in score is
56 to 100, the median score is 86, and the mean score is 84.0. The range
in time is 5 to 12 minutes, the median time is 8.5 minutes, and the mean
time is 8.3 minutes. The per cent at 100 is 4.5 and the corrective load
^ .
r
'
sr( ;B >t £> ^ o -r-.c.L si v«fo. f~ flit '<»-9
c
,
'.
'
‘
r
‘ o
,
•.. -
.
-» r. . ... OOJL •;
- i - - i
.
;•
. r ;> ‘ f .
'
'
-
j . .u •. t.
o v : . o. ; C3 •! /.’
.
.
f. : '..O .-..L y'to^v
.
. .
I
. ,1 c J 0(1 :. •' T l
’
v <
. .
-
'
.
.
.
.
j j/-* v i - o.i: v; j-.. -iioo
,i« • £ ' . [ '• v ’ i 1 ;1 '*
* 'J •'•*•
1
. .... t - >
.
.
' r mo < • ' 1 '• '
. .
r
.
. . >0 O
’
•
i
•
.
-
•
- i
'
.
•’ 1
:
'—
.
•
•.
•
’
.
.
V - * * J
•
.
. i j ...
'
- oc l •
'
.
<•
•
• •
36
o
P
S3
03O
(h
0)
Q-t
O PO oJ
rH O
t-3P
a) 03
>P •H
CVi c- LTj c- oo o- oo oo oo 00 oo S3 P
• « » « • » • • » • » » • 03 o
CT5 rH LO C" rH CO c~- co CO CO co 03 O 03
rH rH rH rH 03 U
fn f-i
Q) O
CL, o
w
i-5
CQ
'-3
Eh
P
S3
cd
03
a
•H
Eh
OP
W rH
S3 cd
•H -HP P
^ -H
o a
O M
o
«J o>p
S3 P
O
•H S3P O
«5P
O
Eh
P O CO
04 P 04
i—I O 'sF
cvi p w
o
04
IflWsfWlOOiHWHH
w
05P
3
S3
•HS
S3
•H
03
00
rH
SO
CO
04
04
W
0)P
S3
S3
•H
a
04
OP
03
03
a
•H
Eh
CO
0)P
§
*H
a
CQ
03P
3
S3
•rH
a to
to
33 03 •H 03P X e CO rH rH S3 Eh a
•H *H •H rH •H •H
Sh CO Eh S3 EhP C\2 rH CO 03 a
W 03 rH tuO •H C
•H P S3 P CO
sa a CO rH rH C4 cd 0) 03
u i—
1
(2 a a
03 Op 04P «M i—
)
o
bfl i—
i
2 2 1 1 rH rH rH 03
S3 03 r— so
•H S, 03
s o o •H CV2 rH
o o rH OP CO P so
CO 03 rH rH 04 •
<3* o
00 oo oo
so
LO
03
Sh
o
o
CO
C004C30'<^OC004CD^OS004C0-^
C3O3(D00 03tvD-SOSDSDU3U3^^
03
U
o
o
CO
0Z
S3 CO
•H
rH a
cd 03 cdP tcO *H
O P
Eh 3 03
« a
0)
Sh
o
£
a
• • • > 1 >
i
.
*
h'
i
•
L. .
.
H- (-2
m „ a? < co ; r. c
37
oo
CQ
<£i
Eh
d
CD
a
•H
Eh
OP
td •
a
•H
TJ
U
O
O
<
a
o
•HP
,Q
P
ol
CD
Eh
CU
»
<$
H
-P
•H
C
c
01
>
cd
d COp
ca <d
•H T3Q cd
CD CJ
P Ch
O
CcO
d Q)
•H d
ft o
o o
-a co
co
-p
d
<D
o
d
CD
Oh
CO
CO
CD
-P
d
d
•H
d
•H
(D
a
•H
Eh
CU
CD
OO
C"
CO
CO
CO ao to 00 CO o fcO 00 to oo oo cu o
• • 4 » • 4 4 • 4 • * o
CD a> o rH
i—
1
rH rH rH o
i—
i
P
CU
CVJ
CO
CVU
to
ao cu
• •
^ co
CD
d
OP
d <D
>
-P *H
rH d P
d CD OP H H lO H CVi ^ lO rH tO rH rH i—
i
o CD
o to cu d
Eh d d
CD O
CL, o
00
CU
ca
CU CDpO d ca
CU d CD
•H ca P
CD i—
1
N CU a CD d
rH CD P C
rH d -rH
00 rH rH CU d a
rH o •rHp 3 rH
t> •P o- p CUp p
CO rH rH
rH
CO 0)
rH e
•H CDP rH rH Eh aP •H CD
d P a
to rH rH rH to •H •H
d
CD d
!i0 *H
d TJ
Cd CD
a
o
oP
OP o
CU CO C~-
co s c-
CD
d
O
o
CO
OCDWCO^OCDWCO^OCOWCO'!)'OCnOlCOOOOOt-NCOCDCOiOiO^’U*
CD
d
CD O CDP O d
d CO O CDP O d
o d co o
Eh p o
d CO
CD d
UOP
d r) 3
d <D CD
« a a
t • • • • * « • •
•
cm nr t- r, t-
»
•
<
38
'd
d P
d 01
05
05 Eh
E
•rH •
EH 0-,
•
O <P
r—
I
t50 d
d •H
•rH P
T
3
•H
d d
O M
U
O 05
05 *d PP
w dP o d
PQ •H o
<0 P
Eh d pp p
•rH uo
d •HP W
W
•H 05Q T3
d
05 dP c3P
Cm
tkO Od
•H 05
is d
o oP o
CO CO
LQ LQ
i *
^ LQ
oi
01
0)p
d
d
•H
Ss
d
•H
CD
E
•H
Eh
P
d
0)
o
d
0)
Oh
3
O
EH
LQ O 00
CM P CM
H
CM P CM
o
CM
05
rH
oo
t>-
rH
CD
i—
I
LQ
r
—
t
to
I—
CM
i
—I CM LQ CO £Q i—! IQ CM
CM
CM
O T3O d
o
LQ rH t- CD CD LQ C- LQ LQ C- p
• • • • • * • • • • P
CD cm to to CM 05 d 05
CM rH rH CM 05 >P
-H
d p
05 oO 05
d
0-1 o
01
Cl)p
d
d OQ a
•H 05 05
s P P
d d
CM d d
rH •H •HS s
OP LQ CO
• •
LQ OO 00
05
s
05
Eh s
•rH 05
d Eh I
•H •H
d Eh
05 d
tiO •H d
d TO d
CD 05 05
« s S
o
rH
rH rH
05 rH tO rH tO 00
00 rH 01 01 1—
1
CD
C- rH rH
CD rH rH
IQ rH CS* to
o
o
op
CD CD ^
U3 CO 00
0)
d
o
o
CD
OCONCO^OCDNCOO<OCDWOOctlOdmoOOOOOMSdCDCDUJlfl^^ (0
1
—
I
o
Eh
0)
d
o
o
CQ
d
0) d
bjO *H
d T3
0)&
0)
d
O
o
CO
d
at
05
m m
••
.
59
is 95.5 per cent.
Table 10, which shows the distribution according to time and score
for the experimental group, grades 5 and 7, on the initial A.P. Test
shows that the range in score is from 44 to 100, the median score is 72,
and the mean score is 73.3. The range in time is 5 to 25 minutes, the
median time is 13 minutes, and the mean time is 13.9 minutes. The per
cent at 100 is 4.8, and the corrective load is 95.2 per cent.
Table 11, which shows the distribution according to time and score
of the control group, grades 6 and 8 on the initial A.P. Test, shows that
the range in score is from 44 to 100, the median score is 84, and the mean
score is 82.2. The range in time is 5 to 27 minutes, the median time is
10 minutes, and the mean time is 11.0 minutes. The per cent at 100 is
2.1, and the corrective load is 97.9 per cent.
Table 12, which shows the distribution according to time and score
of both groups, grades 5, 6, 7, and 8, on the initial A.P. Test, shows
that the range in score is 44 to 100, the median score is 80, and the
mean score is 78.0. The range in time is 5 to 27 minutes, the median
time is 11 minutes, and the mean time is 12.3 minutes. The per cent at
100 is 3.3, and the corrective load is 96.7 per cent.
Table 13, which shows the distribution according to time and score
of grade 5 on the initial A 3 Test, shows that the range in score is 60.3
to 100, the median score is 97, and the mean score is 94.4. The range
in time is 14 to 56 minutes, the median time is 32 minutes, and the
mean time is 32.3 minutes. The per cent at 100 is 4.8, and the corrective
load is 95.2 per cent.
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TABLE 15 (concluded)
Range in Score
Median Score
Mean Score
Range in Time
Median Time
Mean Time
Per Cent at 100
Corrective Load
60.5 to 100
97
94.4
14 to 56 Minutes
52 Minutes
52.8 Minutes
4.8
95.2$
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Table 14, which shows the distribution according to time and score
of grade 6 on the initial A 3 Test, shows that the range in score is 85
to 100, the median score is 97.7, and the mean score is 97.0. The range
in time is 11 to 56 minutes, the median time is 25 minutes, and the mean
time is 27.4 minutes. The per cent at 100 is 7.7, and the corrective
load is 92.3 per cent.
Table 15, which shows the distribution according to time and score
of grade 7 on the initial A 3 Test, shows that the range in score is 91.3
to 99.7, and the median score is 97.3, and the mean score is 96.8. The
range in time is 10 to 42 minutes, the median time is 19 minutes, and
the mean time is 20.8 minutes. The per cent at 100 is 4.8, and the cor-
rective load is 95.2 per cent.
Table 16, which shows the distribution according to time and score
of grade 8 on the initial A 3 Test, shows that the range in score is 13.3
to 100, the median score is 98 . 7
,
and the mean score is 17.6. The range
is time is 10 to 21 minutes, the median time is 17 minutes, and the mean
time is 16.3 minutes. The per cent at 100 is 13.6, and the corrective
load is 86.4 per cent.
Table 17, which shows the distribution according to time and score
of experimental group, grades 5 and 7, on the initial A 3 Test, shows
that the range in score is 60.3 to 100, the median score is 96.7, and
the mean score is 95.6. The range in time is 10 to 56 minutes, the median
time is 24 minutes, and the mean time is 26.4 minutes. The per cent at
100 is 4.8, and the corrective load is 95.2 per cent.
Table 18, which shows the distribution according to time and score
of control group, grades 6 and 8, on the initial A 3 Test, shows that the
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TABLE 17 (concluded)
Range in Score
Median Score
Mean Score
Range in Time
Median Time
Mean Time
Per Cent at 100
Corrective Load
60.3 to 100
96.7
95.6
10 to 56 Minutes
24 Minutes
26.4 Minutes
4.8
95.2%
.iT
'
.
‘
Showing
the
Distribution
According
to
Time
and
Score
of
Control
Group
Grades
Six
and
Eight,
on
the
Initial
A
3
Test
V*.
^ CO
• »O 05H CO
•P
3
CDO o 00 co CO to
4 » • * 4 .
3 o LO CO <5* co
CD 1—1 04 rH i—i rH
CU
rH
cd
•P LO 04 CT> c- co
o rH
e-c
rH o
LO to
rH
co OH iO
rH CO
sjc H rH
CO O rH 04
C0 co
CD
-P ^ LO rH
3 to to
3
•H 04 to3 to to
3 O rH rH
•H to CO
CD CO 05 rH rH rH
a CVi C\*
•H
E-* CO D-
Cv2 CU
rH
iO
04 04
04
CU CO
Cv2 cvi
rH
r
—
1 rH rH rH
O rH
04 04
rH cvi cv* 04
00 05
rH rH
CO (At rH
CO e-
(H rH
rH f—1
to
rH rH
cu 1—1
04 CO
rH rH
rH —c
O rH
rH rH
cu rH
CD
U O 05 CO CO LO
o o 05 CB 05 <T> 05
o rH
CO
cu
04
t
o
oH
00
O TJO cd
rH OH
-P
cd 0)
>
-P .H
3 -P
CDO
u
0)
o
0)
p
u
o
cu o
CO
0)
13
(3
•H3 CO
CD
CU +5
^ 3
3
O H
-P 3
O OH CU
i
—C
to CD
a
•H CDH a
•H
3 EH
04 •H
CD
LO (50 •H
3 T3
cd CD
05 od 3
C»
CAi O
oH
LO
o
-p tv
CH .
LO r-H oo 05
CD
3
CO o CDH o 3
cd CO Q
-P o
o 3 CO
•H
3
CD cd
bO •H
3 T5
cd CD
« 3
Boston University
School of Ec^jcaiion
Score
97.
2
Mean
Time
21.6
Minutes
r_/
• *
c+
•
« f A w
c-
h’ '
o
i
52
range in score is 85 to 100, the median score is 97.7, and the mean score
is 97.2. The range in time is 10 to 42 minutes, the median time is 20
minutes, and the mean time is 21.6 minutes. The per cent at 100 is 10.4,
and the corrective load is 89.6 per cent.
Table 19, which shows the distribution according to time and score
of both groups, grades 5, 6, 7, and 8, on the initial A 5 Test, shows
that the range in score is 60.3 to 100, the median score is 97.7 and the
mean score is 96.4. The range in time is 10 to 56 minutes, the median
time is 21 minutes, and the mean time is 23.8 minutes. The per cent at
100 is 7.9, and the corrective load is 92.2 per cent.
Table 20, which shows the distribution according to time and score
of grade 5 on the initial M.F. Test, shows that the range in score is
48 to 33, the median score is 72, and the mean score is 69.7. The range
in time is 9 to 31 minutes, the median time is 18 minutes, and the mean
time is 18.1 minutes. The per cent at 100 is 0, and the corrective load
is 100 per cent.
Table 21, which shows the distribution according to time and score
of grade 6 on initial M.P. Test, shows that the range in score is 8 to
96, the median score is 72, and the mean score is 70.9. The range in
time is 11 to 34 minutes, the median time is 16 minutes, and the mean
time is 17.5 minutes. The per cent at 100 is 0, and the corrective load
is 100 per cent.
Table 22, which shows the distribution according to time and score
of grade 7 on the initial M.P. Test, shows that the range in score is
56 to 96, the median score is 72, and the mean score is 77.1.1 The range
in time is 7 to 22 minutes, the median time is 11 minutes, and the mean
~ \i f
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TABLE 19 (concluded)
Range in Score
Median Score
Mean Score
Range in Time
Median Time
Mean Time
Per Cent at 100
Corrective Load
60.3 to 100
97.7
96.4
10 to 56 Minutes
£1 Minutes
23.8 Minutes
7.8
92.2%
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time is 12,5 minutes. The per cent at 100 is 0, and the corrective load
is 100 per cent.
Table 23, which shows the distribution according to time and score
of grade 8 on the initial M.P. Test, shows that the range in score is 68
to 100, the median score is 88, and the mean score is 86.3. The range
in time is 7 to 15 minutes, the median time is 9 minutes, and the mean
time is 9.2 minutes. The per cent at 100 is 4.5, and the corrective
load is 95.5 per cent.
Table 24, which shows the distribution according to time and score
of the experimental group, grades 5 and 7, on the initial M.P. Test, shows
that the range in score is 8 to 96, the median score is 72, and the mean
score is 73.4. The range in time is 7 to 31 minutes, the median time is
14 minutes, and the mean time is 15.5 minutes. The per cent at 100 is 0,
and the corrective load is 100 per cent.
Table 25, which shows the distribution according to time and score
of the control group, grades 6 and 8, on the initial M.P. Test, shows
that the range in score is 8 to 100, the median score is 84, and the
mean score is 78.5. The range in time is 7 to 34 minutes, the median
time is 13 minutes, and the mean time is 13.7 minutes. The per cent at
100 is 2.1, and the corrective load is 97.9 per cent.
Table 26, which shows the distribution according to time and score
of both groups, grades 5, 6, 7, and 8, on the initial M.P. Test, shows
that the range in score is 8 to 100, the median score is 80, and the
mean score is 75.8. The range in time is 7 to 54 minutes, the median
time is 13.5 minutes, and the mean time is 14.4 minutes. The per cent
at 100 is 1.1, and the corrective load is 98.9 per cent.
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Tables 27 through 52 and 63 through 68 are constructed on the
same plan. Therefore, an explanation of table 27 will apply in general
to all of these tables. The information given in these tables is taken
from other tables and brought together for the purpose of comparison.
Table 27 shows the distribution of scores on a percentage basis
for all grades on the initial A.P. Tests. At the extreme left hand side
of the table are the scores arranged in descending order from the highest
score to the lowest score of any pupil on this test. That is, the scores
run from 100 down to 44. In the four columns from left to right are the
percentages of the scores at each point for each of the four grades. At
the bottom, and under the body of the table, are the totals, the medians
and the means. for each grade. For example, grade 5 had 4.8 per cent of
its scores at 100 on this test, grade 6 had no scores at 100, grade 7
had 4.8 per cent of its scores at 100, and grade 8 had 4.5 per cent of
its scores at 190.
Table 28 shows the distribution of scores on a percentage basis
for all grades on the initial A 3 Test. It will be noted that the step
interval in these scores is one instead of four as it was in table 27.
This is because the A 3 Test contained three hundred exercises and the
A.P. Test contained only twenty-five exercises. With the exception of
the step interval, the plan of this table is the same as the plan of
table 27.
Table 29 shows the distribution of scores on a percentage basis
for all grades on the initial M.P. Test. This table shows for the M.P.
Test what table 27 showed for the A.P. Test. In studying table 29 it
will be noted that the scores for grade 8 range much higher than the
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TABLE £7
Showing the Distribution of Scores on a Percentage
Basis for all Grades on the Initial A.P. Tests
Score
Grade 5
A. P.
Grade 6
A. P.
Grade 7
A. P.
Grade 8
A. P.
100 4.8 4.8 4.5
96 4.8 19.2 4.3 9.1
92 4.8 11.5 14.3 22.7
88 4.8 15.4 4.8 13.6
84 4.8 7.7 9.5 13.6
80 4.3 11.5 4.5
76 7.7 19.0 22.7
72 9.5 5.8 14.3
68 14.5 7.7 4.8
64 14.5 3.8 14.3 4.5
60 14.3 3.8
56 4.8 4.8 4.5
52 9.5 3.8 4.8
48
44 4.8 3.8
Total 100.3 99.8 100.2 99.7
Median 68.0 84.0 76.0 86.0
Mean 69.7 80.6 77.0 84.0
Per Cent
at 100 4.8 0.0 4.8 4.5
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TABLE 28
Showing the Distribution of Scores on a Percentage
Basis for all Grades on the Initial A 3 Test
Score
Grade 5
A 3
Grade 6
A 3
Grade 7
A 3
Grade 8
A 3
100 4.8 7.7 4.8 13.6
99 19.0 15.4 19.0 36.4
98 23.3 26.9 23.8 9.1
97 19.0 15.4 23.8 13.6
96 14.3 23.1 9.5 4.5
95 3.8 4.8 9.1
94 4.8 9.1
93 4.8 3.3 4.5
92 4.8
91 9.5
90
89
88
87
86 4.3
85 3.8
60 4.8
Total
Median
Mean
Per Cent
at 100
100.1
97.0
94.4
4.3
99.9
97.7
97.0
7.7
100.0
97.3
96.8
4.3
99.9
98.7
97.6
13.6
;
-tO V s£'.aiO
~ ot
b.£ >
•
.
. v .ex tr. 1 . :
. V, ' . .. . .
. • J> * vj X .
ti
.
• *
.
«
84*
c> - - «. • •
.
. ^
.
& . .cox t . L J aJ’oT
\ .0 V. . G. t
.v. ; . * • .
1
Cl
“X
table 29
Showing the Distribution of Scores on a Percentage
Basis for all Grades on the Initial M.P. Tests
Grade 5 Grade 6 Grade 7 Grade 8
Score M. P
.
M. P. M. P. M. P.
100 4.5
96 7.7 9.5 9.1
92 3.8 22.7
88 4.8 11.5 14.3 22.7
84 4.8 11.5 14.3 13.1
80 14.3 11.5 9.5 9.1
76 23.3
72 19.0 15.4 33.3 4.5
68 4.8 7.7 4.8 9.1
64 7.7 4.8
60 4.8 4.8
56 4.8 3.8 4.8
52 9.5 7.7
48 9.5 3.8
44
40
56
8 3.8
Total 100.1 99.7 100.1 99.8
Median 72.0 72.0 72.0 88.0
Mean 69.7 70.9 77.1 86.3
Per Cent
at 100 4.5
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scores for the other three grades. The median score in grades 5, 6, and
7 is 72 in each case, but the median score in grade 8 is 88.
Table 30 shows the distribution of scores on a percentage basis
for the experimental group and the control group on the initial A.P. Test.
This table puts the experimental groups, grades 5 and 7, together for
comparison with the control groups, grades 6 and 8. It will be noted
that the mean score for the experimental groups is 73.3, and the mean
score for the control group is 82.2.
Table 31 shows the distribution of scores on a percentage basis
for the experimental groups and the control groups on the initial A 3
Test. This table shows the same group comparisons on the A 3 Test as
table 30 showed on the A.P. Test.
Table 32 shows the distribution of scores on a percentage basis
for the experimental and control groups on the initial M.P. Test. This
table compares the scores of the experimental group with the scores of
the control group. A study of the table shows that the median score
of the control group is 12 points higher than the median score of the
experimental group, but that the mean score is only 5.1 higher. The
extremely low scores in the control group tended to lower the mean
score of the group.
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TABLE 50
Showing the Distribution of Scores on a Percentage Basis for the
Experimental Group and the Control Group on the Initial A.P. Test
Score
Experimental Group
Grades 5 and 7
Control Group
Grades 6 and 8
100 4.8 2.1
96 4.8 14.6
92 9.5 16.7
88 4.8 14.6
84 7.1 10.4
80 2.4 8.3
76 9.5 14.6
72 11.9 2.1
68 9.5 4.2
64 14.3 4.2
60 7.1 2.1
56 4.8 2.1
52 7.1 2.1
48
44 2.4 2.1
Total
Median
Mean
Per Cent
at 100
100.0
72.0
73.3
4.8
100.2
84.0
82.2
2.1
.1
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TABLE 31
Showing the Distribution of Scores on a Percentage Basis for the
Experimental Group and the Control Group on the Initial A 3 Test
Experimental Group Control Group
Score Grades 5 and 7 Grades 6 <
100 4.8 10.4
99 19.0 25.0
98 23.8 18.8
97 21.4 14.6
96 11.9 14.6
95 2.4 6.3
94 2.4 4.2
93 2.4 4.2
92 2.4
91 4.8
86 2.4
85 2.1
60 2.4
Total 100.1 100.2
Median 96.7 97.7
Mean 95.6 97.2
Per Cent
at 100 4.8 10.4
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TABLE 32
Showing the Distribution of Scores on a Percentage Basis for the
Experimental and Control Groups on the Initial M.P. Tests
Experimental Group Control Group
Score Grades 5 and 7 Grades 6 and 8
100 2.1
96 4.8 8.3
92 12.5
88 9.5 16.7
84 9.5 14.6
80 11.9 10.4
76 11.9
72 26.2 10.4
68 4.8 8.3
64 2.4 4.2
60 4.8
56 4.3 2.1
52 4.3 4.2
48 4.8 2.1
36 2.1
8 2.1
Total 100.2 100.1
Median 72.0 84.0
Mean 73.4 78.5
Per Cent
at 100 2.1
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CHAPTER IV
REMEDIAL WORK
Addition
Tables 33, 34 37, and 38, showing the results of the initial tests
in the processes of addition and multiplication, give a general picture
of the groups and of the individuals. These four tables follow a
similar plan, so the explanation of table 33 will apply to tables 34,
37, and 38, as well. Tables 33 and 34 are made out from the results
of the pupils in grades 5 and 7 on the initial A.P. Test. Tables 37
and 38 compile the results of the pupils on the initial M.P. Test.
Table 33 lists at the top the exercises through which refer to the
letters designating the twenty-five exercises on the A.P. Test. At
the left hand side pupils are listed by numbers. The body of the table
shows the exercises missed by each pupil. Each star indicates the
exercise missed. For example, pupil number 1 missed exercises _t, u,
and x on the initial A.P. Test.
These tables, however, do not go far in diagnosis as they do not
show the causes of the difficulties of the individuals. To follow up
the information from these tables, it is necessary to make a study of
each of these exercises missed to discover exactly what the reasons
were for the failures. It is not enough for the teacher to find out
the reasons, but whenever possible, the pupil should go along in the
analysis so that he will straighten out his difficulties for himself.
It does not follow that pupils should continually have wrong answers
-71-
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TABLE 33
Showing the Exercises Missed by Each Pupil
in Grade Five on the Initial A.P. Test
Pupil's Exercises in the Test
Number a b c d e f g h i j k 1 m n 0 P q r s t u V w X 7
1 if if if
2 -if * if if if if if
3 it it * it if if if -» if if if if if it
4 * * * if if if if if
5 * it it if * if if if if if
6 it it * * * if if if if
7
8
9
* *
-if if jf vc if if if if if
10 * * * it if if * if if if if if *
11 * if if * -if if if VC it
12 if * if if if if it if if *
13
14
if
VC * if if if if
.*
15 it if if if if
16 it it -if if * if * if if it if it
17 * if if if
18 • • • • • • • • • • • • • • • • • « • • • • • • • .* .* .* .* .* .* if• .* .* .*
19 * if * if if if VC if if
20 it * if if * if "VC if if .*
21 it -» * * if if it
. . i i J J i
c
TABLE 34
Showing the Exercises Missed by Each Pupil
in Grade Seven on the Initial A.P. Test
Pupil’s Exercises in the Test
Number a b c d e f g h i j k 1 m n o p q r s t u V w x y
22
25
24
-* X
X
X * X -M-
-* * * x
-X
X X * * X
*25
26 x -* * x X X X * X X X X
27 * T X X
28 -* * -* X X X X X X X X
29 * -x -x X X * */C * .*
30
31
32
ic X * .X
X X
* -x * X X X X
33 * X X X
34 x X X X X X
35
36
37
-
-*
X
X
X
->C X
X X
33 * X * X X
39
40
41
* * * X X X X >c
* * * X X X * X. X X X
.t i •
1 '
• % • • - « • t « » - *
• *
« * H • ‘ ' «
« • t t « 4 » '
• v m * • • »»!*»««•
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and wrong procedures called to their attention, but rather the emphasis
should be on the correction of the procedure and obtaining the correct
answer.
Tables 35, 36, 39, and 40 record the analysis of errors made by
each pupil in each process. These tables follow the same plan. An
explanation of table 35 will apply equally to tables 36, 59, and 40.
Tables 35 and 36 refer to the A.P. Test and tables 39 and 40 refer to
the M.P. Test.
Table 35 shows the analysis of errors of each pupil in grade 5
on the initial A.P. Test. The twelve types of errors are listed at
the top of the table. The left hand column gives the pupils of the
grade by number. For example, pupil number 15 had two types of errors
on the initial A.P. Test. These errors were, "Facts come slowly,
hesitatingly," and Decimal point gives trouble."
It will be noted in this table that there are few types of errors
that are common to many pupils.
This table helps to analyze the errors of each pupil so that re-
medial procedures can be aiade to fit the individual.
Table 36 shows the analysis of errors of each pupil in grade 7
on the initial A.P. Test. The same twelve types of errors are listed.
It will be noted that process difficulties were not quite so common
in this group. Also it wall be seen that there are few types of errors
that are common to many pupils. The upper decade facts seemed to give
trouble, and carelessness is common. Carelessness in addition probably
means that the idea of checking work has not become a habit. In general
"carelessness" is not a satisfactory diagnosis: the specific habits that
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TAELE 55
ring the Analysis of Errors Made by the
.Is of Grade Five on the Initial A.P. Test
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TABLE 56
Showing an Analysis of Errors Made by each Pupil
in Grade Seven on the Initial A. P. Test
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'
• v t
'
t-i
Y2
account for wrong answers, roust be located
With information from tables 35 and 36 as a basis on which to
work, corrective procedures in addition were started in grades 5 and
7 in the latter part of October*
Osburn ^ points out, as previously noted (p.20 ), that, "The
function of corrective arithmetic is (a) to provide a method of diag-
nosing pupil needs, and (b) to provide suitable experiences in the way
of practice material for the relief of these needs."
g/
Again Osburn states that, "Progress in the study of errors has
long been retarded by the idea that there is the utmost diversity in
the mistakes of children. The actual evidence is far to the contrary.
The same wrong answers occur in all types of schools and over wide
areas to such an extent that it is possible to forecast bow many pupils
in any individual school will make certain mistakes. Errors are like
diseases. There are a great many diseases, but only a few of them
are wide spread and frequent in occurrence.
"In like manner the evidence so far available shows that four
or five different things are responsible for at least three-fourths
of the trouble which children have."
The evidence in this study seems to point to the same conclusion
in regard to the number of kinds of errors in addition. Although
twelve kinds of mistakes are noted in tables 35 and 36, only nine of
the twelve actually appear in table 36 (grade 7), and of these nine
1/ Osburn, W.J., Corrective Arithmetic , Volume II, Houghton Mifflin
Company, Boston, 1929, p.3.
2/ Osburn, W.J. , "Diagnosis and Remedial Treatment for Errors in Arith-
metic", State Department of Public Instruction, Madison, Wisconsin,
December, 1922.
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only five gave trouble to more than three of the pupils out of the
twenty-one in the class. Table 55, which records the errors of grade
5, shows that all twelve of the errors were made in that class, but
that only six kinds of errors were made by more than three of the pupils
out of the twenty-one in that class.
This appears to point out two things, namely: (l) there are few
kinds of errors that a large number of pupils of the class need help
with, and (2) remedial work must be worked out with individuals and
small groups, and cannot be considered a class job.
„
1/Myers says, "The way to improve instruction in number work is
to develop in the teacher habits of keeping careful, continuous records
of her children's difficulties, of anticipating them, of helping
children avoid errors, and of effectual correction of each error on its
first appearance. To the foregoing it should be added that the wrong
notion about speed prevails. Learning speed is retarded on account of
two much emphasis on speed. The reason most learners learn so slowly
is because they try to work so fast.*
In this experiment the teachers kept careful records of the in-
dividual errors, but what was more important each pupil kept a record of
his own errors. This served as a great stimulus. When the pupils
were given a test on the primary facts, for example, to determine what
ones had not been learned by the individuals, each pupil made a record
of his own difficulties in his arithmetic notebook. Knowing that he
planned it himself, and knowing that it was essential to him and his
1/ Myers, Garry C., The Prevention and Correction of Errors in Arith-
metic
.
The Plymouth Press, Chicago, 1925, p.54.
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success to learn it, he did not need much more motivation. This plan
was continued throughout.
The child was led to determine for himself where he was weak and
where he was strong. He was shown that there was a limit to the number
of facts necessary to learn. The class worked out lists of all the
combinations needed. The pupils understood that perfect mastery of
the facts was necessary. After understanding that the job had an end
and that it was possible to achieve success the pupils took on a new
interest in arithmetic. Work was handled, even at the beginning, so
that the attainment of 100 per cent was possible. Units of work were
small, accuracy was continually encouraged by checking, and success
for the pupils was the result.
Pupils were shown tables of their achievement from time to time.
Graphs were worked out to show the march toward perfect mastery and
it delighted the pupils. They were succeeding and they knew it.
Cline,^referring to an experiment in an algebra class in Poly-
technic Institute in Louisiana, says, "Feeling that the primary need
of these pupils was to come to the end of a class period with the
knowledge of having done a good job, I had planned the work on an
elementary level. I tried to adopt the attitude of a fellow worker
?<ho rejoices with his fellows over each success, but who accepts
these successes as outcomes to be expected."
The attitude expressed by Cline is a worthwhile one to develop
in the classroom. Pupils should rejoice over success, and success
1J Cline, Rodney, "Self-Respect and Algebra", Peabody Journal of
Education . Volume 15, July 1957, pp. 20-21.
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should be always within their reach. Then there would be more rejoicing
in the classrooms.
Sweeney ^ says, as previously noted (page 20), "Accuracy first— speed
should follow. Accuracy must be stressed and fought for in order to bring
out the habits of work and thinking which will eliminate errors so ruinous
to any form of calculation".
Checking was continually emphasized through the experiment. It took
time to show the pupils the great value to themselves of checking every ex-
ercise. Gradually checking became a halt. Checking probably contributed
more than any other single item toward reaching the goal of perfect scores.
Work on addition continued for two months with all the time given to
the experiment, spent on that process. At the end of two months attention
was turned to the process of multiplication, with only enough time given to
addition to keep it from losing ground. Because much addition is used in
the multiplication process it was rarely necessary to leave the multipli-
cation process to get practice in addition. So approximately one half of
the time spent on the experiment was spent on the addition process and one
half was spent on the multiplication process.
Multiplication
The errors in the process of multiplication were found to be more dif-
ficult to diagnose than the errors in addition. It would be well to study
tables 37 > 38, 39, and 40 at this time. Although there were only twelve
kinds of errors found on the papers by the teachers, in reality one error
on an exercise might have as many causes as there were pupils with the
error. Also one apparent error, as shown on tables 39 and 40, might be in
y Sweeney, M.E. Op. cit., pp.170-174
."
.
.
TABLE 57
Showing the Exercises Missed by Each Pupil
in Grade Five on the Initial M.P. Test
Pupil’s Exercises in the Test
Number a b c d e f £ h i j k 1 m n 0 P q r s t u V w x y
1 * * * if if if
2 * * if if
5 * * * if if
4 * * -X. * if «- * * .*.*
5 if if if if if *
6 * * if
7 if * * if * if if
8 if * if * if if
9 * * if if * if * if if if *
10 ->C * * * if *
11 * * * if if
12 * * -* if -a- if if
15 r if if if if if
14 if if * * if if if
15 * * * * if if if * if .*.*
16 if if * if T t
17 if if if .if
18 * if * ~K* if * -a- if * if if
19 * if if if if if if if vr .if . .
20 * * if * * if
&j- sV .* . if-. - 1 i
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TABLE 58
Showing the Exercises Missed by Each Pupil
in Grade Seven on the Initial M.P. Test
Pupil’s Exercises in the Test
Number a b c d e f g h i j k 1 m n 0 P q r s t u V w x y
22 -a- -a- a- , a a ta
25 -a- -a- a- a a *.*
24 a -a- vc a-
25 VC -a- a
26 -a- -a- -a- VC a a a a
27 VC * -a- a a
28
29
*
* Vr * * a a
50 * a * -a- -a- a- a VC a a
51 * -a- a-
52 * -a- -a- -a a.
55 * * -it -it -a- a- a a a.
a
54 * * * a- .a. a
55 -a- VC a a
56 a- ,a _ a
57 a a * a- a
38 * -a- VC -a- a a- a.
.
59 a- a ra T .a.
40
41
-a-
-it-
-a- -a- -a- -a- a- * a- a a a
42 -a- * -it -a- a a a
'
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TABLE 39
ing the Analysis of Errors Made by each
1 in Grade Five on the Initial M.P. Test
ypes of Errors
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TABLE 40
Showing the Analysis of Errors Made by each
Pupil in Grade Seven on the Initial M.P. Test
Pupil
22
25
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
Types of Errors
. .
reality many errors. For example, the table shows that one type of error
was "Two-or three-place multiplier with carrying.” The error was made in
the process indicated, but may have been made in a variety of ways. For
example, primary combinations may have caused the trouble, addition of
partial products may have been faulty, partial products may have been
misplaced, carrying may have given trouble, or the error may have been
caused by one or more of several obstacles. So analyzing the errors
and causes of errors in multiplication, becomes an individual job, and
when the tables point out an error, it is just a hint as to the direc-
tion to follow to find the child's cause of difficulty. A longer and
more specific list of errors is recommended. Wilson's list for multi-
plication follows:
1. Primary combinations
2. One-place multiplier, no carrying
5.
One-place multiplier, carrying requiring addition in
same dedade
4. One-place multiplier, carrying requiring addition in
higher decade.
5. One-place multiplier, zeros in multiplicand with and
without carrying into zero.
6. Two-or three-place multiplier, no carrying
7. Tw'o-or three-place multiplier, with carrying
8. Zeros in multiplicand
9. Addition combination errors in carrying
10. Combination errors in adding partial products
11. Carried wrong number
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12. Forgot to carry
13. Errors in carrying into zero
14. Put carried number in product
15. Misplacement in writing partial products
16. Columns confused in adding partial products
17. Multiplying by zero
18. Omitting zeros in partial product
19. Omitting one figure of multiplier
20. Omitting one figure multiplicand
21. Switching multipliers
22. Decimal point omitted or misplaced in produet (U.S. money)
23. Used wrong process, added or subtracted
24. Counted or said tables to get multiplication facts
In his discussion of diagnosis in multiplication, Morton ^ says,
"When the work habits of individual pupils are studied in detail, a
great number and variety of errors and habits of questionable value
are sometimes found. Brudge studied the errors of a group of pupils
in multiplication and found sixty-eight errors or practices of doubtful
value. These errors and questionable habits were found by making use
of the interview technique. Only in this manner can the actual mental
processes of the pupils be revealed to the teacher. Brudge concluded
that the test papers do not reveal much that the teacher should know
about the work habits of the pupils. To learn what the thought pro-
cesses of the pupils are, as he solves a multiplication example, the
1/ Morton, Robert Lee, Teaching Arithmetic in the Elementary Grades .
Volume II, Silver Burdett Company, Boston, 1938, p.126.
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teacher must sit down with him and have him think aloud, as it were. A
knowledge of these thought processes is absolutely necessary if the
teacher is to provide the proper kind of remedial teaching”.
The initial tests served as guides for the teachers in analyzing
a pupil’s errors. If a pupil had an error in placing a partial product
in an exercise with a two-or three-place multiplier, a similar exercise
could well be used to have the pupil go over aloud with the teacher to
determine what caused the pupil's confusion and at what place confu-
sion entered. The diagnosis of errors in multiplication was found
to be primarily an individual task. If a pupil had formed the wrong
habit when he learned the process of multiplication and had practiced
that habit for months or years, it seemed to be necessary to go with
him individually into his difficulty to get rid of the wrong habit
and to start a foundation for the new and correct habit. Calling
the attention of the members of the class to the correct procedure did
not appear to eradicate the well-formed incorrect habit.
Undoubtedly the story would be different if habits of accuracy
had been stressed continually during the learning of the process of
multiplication. Few incorrect habits would have been farmed and none
would have been allowed to persist if the 100 per cent standard for
the process had been carried out. But the study of the ranks of these
pupils over the preceding two years, as shown in Chapter II, does not
indicate that 100 per cent accuracy was common practice, but rather
that 100 per cent was not common and that indeed, failure or below
70 per cent accuracy was far from uncommon with these pupils.
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Brueckner says, ’’Numerous faulty procedures are found in examplesi/
involving the work in multiplying by two or more numbers especially
when the multiplier contains one or more zeros. Many of these errors
are probably due to carelessness, such as the omission of a digit in
the multiplier or in the multiplicand; incorrect placing of a partial
product; failure to complete the example, or using a digit in the
multiplier twice.
"An analysis of the data concerning faulty procedures suggests:
(1) The necessity of giving special attention to examples
involving zeros in either the multiplier or the multiplicand.
(2) The necessity of insisting on neat work and the correct
placing of the partial product.
(3) The desirability of requiring the pupils to recheck
the entire work before being prepared to accept the answer as correct.
"Errors in addition of partial products are also frequently
found and constitute one of the chief causes of weakness in multi-
plication."
2/Wilson says, "No list of errors can be complete. A long list
frequently proves unwieldly and difficult to interpret. If a teacher
knows what errors are likely to occur, she can do much to prevent a
general occurrence of these errors in her class. Error diagnosis is
largely an individual matter. The teacher must analyze papers fre-
quently enough to note errors of each pupil. Only in this way can
1/ Brueckner, Leo J., Diagnostic and Remedial Teaching in Arithmetic .
The John C. Winston Company, Philadelphia, 1930, p.145.
2/ Wilson, Guy M., Op. cit., pp. 161-162.
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the pupil be made aware of the corrective work he needs
As this quotation points out, if a teacher will make a study of
what errors are liable to occur, what errors have occurred in similar
situations, she can do preventive work, which is probably better than
letting the error occur and the incorrect habit form before getting
after the cause.
Perhaps the proverb, "An ounce of prevention is worth a pound of
cure" would be well to consider in the work of arithmetic with children.
The study of errors in multiplication discussed here appears to
show that much time and labor could have been saved if wrong habits
in the process had been detected before the habit had become so firmly
fixed. Better still, however, would be for the teacher to anticipate
probable errors while presenting the process and so plan the procedure
that a minimum of incorrect habits would be formed.
It might be well to consider the proper time to introduce multi-
plication. This study does not attempt to determine the grade place-
ment of the process, but diagnosis in the study seemed to show that
children must be mature enough to understand the whole process before
being expected to succeed in it and to be happy in the work. It is
quite possible that many of the wrong habits would not have been
formed if the process of multiplication had been introduced to the
children later in their school life than it was. (in the case of these
pupils, the process was begun in the third grade.)
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CHAPTER V
FINAL TESTS
A. Tests Used
The same tests were used for the final testing as for the initial
tesing, namely: Wilson's A.P, A 3, M.P. Tests. These tests were given
to the pupils of the four grades considered in the experiment. The
final tests were given after approximately four mounths of corrective
work bad been carried out with the experimental groups, grades 5 and 7.
B . Comparison of Results on Initial and Final Tests
The tables showing the results of the final tests are made on the
same plan as the tables used in the earlier chapters to show the results
of the initial tests. A detailed discussion of the plan of these tables
was given in Chapter III.
Tables 41 through 44 show the same information for the final tests
as tables 2 through 5 showed for the initial tests.
Table 41 lists, by number, the pupils of grade 5 who were in the
school when the final tests were given. Pupils whose numbers were
1, 2, and 5 do not appear on this table. These three pupils were dis-
charged from the school during the experiment and so were not present
when the final tests were given. Each pupil has kept his same number,
however, so that a pupil's record on the final tests can be reaily
compared with his record on the initial tests.
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TABLE 41
Showing Pupils’ Numbers, C!.A., I.Q., Scores, Time in Minutes
,
and Mean
Scores for Each Pupil in Grade Five on the Final A. P., A 3, and M:.p.
Pupil C.A. I.Q.
A.
Score
Tests
P.
-Time
A 5
Score-Time
M.
Score
P.
-Time
Mean
Score
No.
3 9-10 129 92 28 100 24 100 14 97.3
4 10-8 103 100 13 99.3 16 84 14 94.4
6 11-6 80 96 18 100 25 88 11 94.7
7 10-2 133 100 4 100 9 100 6 100
8 10-11 130 100 8 100 13 100 6 100
9 10-8 128 84 25 100 46 80 25 89.3
10 12-3 97 96 11 100 27 96 20 97.3
11 12-3 96 100 7 99.0 13 92 12 97.0
12 11-2 96 96 19 100 31 100 25 98.7
13 11-8 86 100 24 100 45 84 25 94.7
14 11 113 100 7 100 9 96 6 98.7
15 10-7 90 96 7 100 24 92 11 96.0
16 10-2 124 100 8 100 19 84 7 94.7
(continued next page)
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TABLE 41 (concluded)
Pupil C.A. X • W •
A. P.
Score-Time
No.
17 10-11 122 100 18
18 10-7 107 88 21
19 10-11 97 96 13
20 10-7 95 96 9
21 10-3 93 88 21
Range 9-10 80 84 4
12-3 138 100 28
Median 10-11 100 96 13
Mean 10-10 106.9 96.0 14.5
A 3 M. P. Mean
Score-Time Score--Time Score
100 18 100 12 100
100 34 88 23 92.0
100 18 88 12 94.7
100 17 92 10 96.0
100 19 100 15 96.0
99 9 80 6
100 45 100 25
100 19 92 12
99.9 22.6 92.4 14.3 96.1
. ...
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Table 41 shows that the range on the final A.P. Test is 84 to 100,
the median score is 96, and the mean score is 96,0. The range in score
on the final A 3 Test is 99 to 100, the median score is 100, and the
mean score is 99,9. The range in score on the final M.P. Test is 80
to 100, the median score is 92, and the mean score is 92.4.
Table 42, which is a similar table for grade 7, shows that the
range in score on the final A.P. Test is 92 to 100, the median score
is 100, and the mean score is 98.1 The range in score on the final
A 3 Test is 98.7 to 100, the median score is 100, and the mean score
is 99.9. The range in score on the final M.P. Test is 80 to 100, the
median score is 96, and the mean score is 94.6.
It will be noted that pupils No. 22, 23, 26, and 28 do not appear
in this table. These pupils were discharged from the school before
the final tests were given.
Table 43, which is a similar table for grade 6, shows that the
range in score on the final A.P. Test is 56 to 100, the median score
is 8,8, and the mean score is 86.7. The range in score on the final
A 3 Test is 85.7 to 100, the median score is 97.7, and the mean score
is 96.0. The range in score on the final M.P. Test is 52 to 100, the
median score is 80, and the mean score is 76.0.
Table 44, which is a similar table for grade 8, shows that the
range in score on the final A.P. Test is 72 to 100, the median score
is 92, and the mean score is 89.9. The range in score on the final
A 3 Test is 96.3 to 100, the median score is 98.7, and the mean score is
98.4. The range in score on the final M.P. Test is 64 to 100, the median
score is 88, and the mean score is 86.5.
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TABLE 42
Showing Pupils' Numbers, C .A. f I.Q., Scores, Time in Minutes , and filean
Scores for Each Pupil in Grade Seven on the Final A.P., A 3, and M.P.
Tests
A.
,
P. A 5 BL. P. Mean
Pupil C.A. I.Q. Score-Time Score-Time Score--Time Score
No.
£4 13-1 110 96 9 100 11 96 13 97.3
£5 12-6 115 100 7 100 13 96 9 98.7
27 14-9 89 100 4 100 13 100 11 100
£9 11-2 124 100 8 100 9 88 9 96.0
30 12-9 85 100 15 100 32 96 18 98.7
31 16-10 91 100 9 100 14 100 7 100
32 12-9 120 100 7 100 11 84 12 94.12
33 13-4 89 100 8 100 11 100 6 100
34 12-4 86 100 6 100 11 100 7 100
35 12-4 121 92 15 100 35 96 19 96.0
36 12-2 116 100 6 100 13 100 13 100
37 11-7 119 100 10 100 17 96 12 98.7
38 14-7 60 100 14 98.7 21 80 18 92.9
39 12-6 103 92 9 100 23 92 14 94.7
40 12-8 110 100 4 100 6 100 6 100
41 14-4 77 96 16 100 21 84 13 93.0
42 12-11 111 92 10 100 14 100 11 97.3
Range 11-2 60 92 4 98.7 6 80 6
16-10 124 100 16 100 35 100 19
Median 12-9 110 100 9 100 13 96 11
Mean 13-1 101.5 98.1 9.2 99.9 16. 2 94.6 11.6 07.5
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TABLE 43
Showing Pupils’ Numbers, C.A.
,
i »W.
,
Scores, Time in Minutes, and Mean
Scores for Eachi Pupil in Grade Six oni the Final A.,P.
,
A 3, and M.P.
Pupil C.A. I.Q.
iU
Score-
Tests
-Time
A 3
Score-
1
•Time
M.
Score
P.
-Time
Mean
Score
No.
43 12-6 79 80 13 96.7 23 64 B 80.2
45 13-2 101 88 17 100 36 96 25 94.7
46 11-5 94 92 12 97.7 20 80 14 89.9
48 12-5 82 88 10 94.7 18 72 14 84.9
49 11-3 101 72 16 93.0 35 76 18 80.3
50 12 118 88 14 97.7 12 92 14 92.6
51 12-5 110 83 8 97.7 14 84 15 89.9
52 12-3 94 92 15 92.7 38 84 25 92.9
53 11 114 84 10 95.7 21 60 15 79.9
54 12-6 108 100 23 99.7 29 100 19 99.9
56 12 87 56 13 86.7 32 56 20 66.2
57 11-7 111 96 10 100 26 88 20 94.7
58 10-7 99 80 9 90.7 19 52 10 74.2
59 12-3 94 80 10 92.3 20 44 17 72.1
60 11-2 115 92 16 98.3 21 84 19 91.4
(continued next page)
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TABLE 43 (concluded)
Pupil C.A. I.Q.
A.
Score-
P.
-Time
A 5
Score-Time
M. P.
Score-Time
Mean
Score
No.
61 11-11 114 100 11 100 18 80 13 93.3
62 12 99 80 22 98.3 24 92 17 90.1
63 11-6 106 84 14 85.7 30 52 16 73.9
64 11-7 107 100 9 97.0 22 60 10 85.7
66 11-9 123 92 10 99.3 19 80 16 90.4
67 11-7 113 76 10 98.7 19 92 19 88.9
68 11-6 130 100 14 99.3 20 84 13 94.4
Range 11 79 56 8 85.7 12 52 10
13-2 130 100 23 100 38 100 25
Median 11-10 106.5 88 12.5 97.7 21 80 16.5
Mean 11-10 104 86.7 13 96.0 23.5 76.0 16.7 86.2
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TABLE 44
Showing Pupils' Numbers, C .A*
,
1
.Q.
,
Scores, Time in Minutes, and Mean
Scores for Each Pupil in Grade Eight on the Final A.P., A 3, and M[.P.
Pupil C.A. I.Q.
A.
Score
Tests
P.
i-Tinae
A 5
Score-Time
M, P,
Score-Time
Mean
Score
No.
69 13-5 109 88 10 96.7 18 84 10 89.6
70 12-5 126 100 9 98.7 12 96 . 7 98.2
72 14-2 106 72 13 96.3 30 64 9 77.4
74 13-7 104 88 12 97.7 22 92 15 92.6
75 14-11 97 96 10 99.3 15 88 9 94.4
76 14-4 86 88 10 99.7 21 92 11 93.2
78 13-6 108 96 10 98.7 17 84 13 92.9
79 13-10 112 92 14 99.7 23 88 11 93.2
80 13-11 94 92 12 98.3 22 92 15 94.1
81 13-7 86 76 9 97.0 17 72 15 81.7
82 14 108 96 10 99.3 15 84 13 98.4
85 14-3 113 96 9 98.0 12 100 9 98.0
84 13-3 114 92 10 100 18 96 11 96.0
(continued next page)
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TABLE 44 (concluded)
Pupil C.A. I.Q.
A.
Score-
P.
-Time
A 5
Score-Time
M. P.
Score-Time
Mean
Score
No.
85 14-11 105 100 8 99.7 15 76 14 91.9
86 15-5 114 80 8 98.5 16 88 10 88.8
87 15-7 108 96 10 98.0 17 92 10 95.7
88 14-5 104 88 12 98.5 20 96 17 94.1
89 15-8 109 84 5 98.7 15 84 15 88.9
90 15-7 117 88 11 98.0 20 76 12 87.5
Range 12-5 86 72 5 96.5 12 64 7
14-11 126 100 14 100 50 100 17
Median 15-8 108 92 10 98.7 18 88 11
Mean 15-9 106.5 89.9 10.1 98.4 13.2 86.5 11.9 91.6
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Tables 45 through 62 show the same information for the final tests
as tables 6 through 26 showed for the initial tests. The plan of these
tables was explained in detail in Chapter III.
Table 45, which shows the distribution according to time and score
of grade 5 on the final A.P. Test, shows that the range in score is 84
to 100, the median score is 96, and the mean score is 96.0. The range
in time is 4 to 28 minutes, the median time is 13 minutes, and the mean
time is 14.5 minutes. The per cent at 100 is 44.4, and the corrective
load is 55.6 per cent.
Table 46, showing the distribution according to time and score of
grade 6 on the final A.P. Test, shows that the range in scare is 56 to
100, the median score is 88, and the mean score is 86.7. The range
in time is 8 to 23 minutes. The median time is 12.5 minutes, and the
mean time is 13.0 minutes. The per cent at 100 is 18.2, and the cor-
rective load is 81.8 per cent.
Table 47, showing the distribution according to time and score of
grade 7 on the final A.P. Test, shows that the range in score is 92 to
100, the median score is 100, and the mean score is 98.1. The range
in time is 4 to 16 minutes, the median time is 9 minutes, and the mean
time is 9.2 minutes. The per cent at 100 is 70.6, and the corrective
load is 29.4 per cent.
Table 48, showing the distribution according to tine and score of
grade 8 on the final A.P. Test, shows that the range in score is 72 to
100, the median score is 92, and the mean score is 89.9. The range in
time is 5 to 14 minutes, the median time is 10 minutes, and the mean
time is 10.1 minutes. The per cent at 100 is 10.5, and the corrective
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load is 89.5 per cent.
Table 49, showing the distribution according to time and score of
the experimental group, grades 5 and 7, on the final A.P. Test, shows
that the range in score is 84 to 100, the median score is 100, and the
mean score is 97.0. The range in time is 4 to 28 minutes, the median
time is 9 minutes, and the mean time is 11.9 minutes. The per cent
of scores at 100 is 57.1, and the corrective load is 42.9 per cent.
Table 50, showing the distribution according to time and score of
the control group, grades 6 and 8, on the final A.P. Test, shows that
the range in score is 56 to 100, the median score is 88, and the mean
score is 88.2. The range in time is 5 to 23 minutes, the median time
is 10 minutes, and the mean time is 11.7 minutes. The per cent of
scores at 100 is 14.6, and the corrective load is 85.4 per cent.
Table 51, showing the distribution according to time and score of
grade 5 on the final A 3 Test, shows that the range in score is 99 to
100, the median score is 100, and the mean score is 99.9. The range
in time is 9 to 45 minutes, the median time is 19 minutes, and the mean
time is 22.6 minutes. The per cent of scores at 100 is 88.9, and the
corrective load is 11.1 per cent.
Table 52, showing the distribution according to time and score of
grade 6 on the final A 3 Test, shows that the range in score is 85.7
to 100, the median score is 97.7, and the mean score is 96.0. The
range in time is 12 to 38 minutes, the median time is 21 minutes, and
the mean time is 23.5 minutes. The per cent of scores at 100 is 18.2,
and the corrective load is 81.8 per cent.
Table 53, showing the distribution according to time and score of
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grade 7 on the final A 3 Test, shows that the range in score is 98.7 to
100, the median score is 100, and the mean score is 99.9. The range
in time is 6 to 35 minutes, the median time is 13 minutes, and the mean
time is 16.2 minutes. The per cent of scores at 100 is 94.1, and the
corrective load is 5.9 per cent.
Table 54, showing the distribution according to time and score of
grade 8 on the final A 3 Test, shows that the range in score is 86.3 to
100, the median score is 98.7, and the mean score is 98.4. The range
in time is 12 to 30 minutes, the median time is 10 minute^ and the mean
time is 18.5 minutes. The per cent of scores at 100 is 21.1, and the
corrective load is 78.9 per cent.
Table 55, showing the distribution according to time and score of
the experimental groups, grades 5 and 7, on the final A 3 Test, shows
that the range in score is 98.7 to 100, the median score is 100, and
the mean score is 99.9. The range in time is 6 to 45 minutes, the
median time is 16 minutes, and the mean time is 19.5 minutes. The
per cent of scores at 100 is 91.4, and the corrective load is 8.6 per
cent.
Table 56, showing the distribution according to time and score of
the control groups, grades 6 and 8, on the final A 3 Test, shows that
the range in score is 85.7 to 100, the median score is 98, and the
mean score is 97.1. The per cent of scores at 100 is 19.8, and the
corrective load is 80.5 per cent.
Table 57, showing the distribution according to time and score of
grade 5 on the final M.P. Test, shows that the range in score is 80 to
100, the median score is 92, and the mean score is 92.4. The range in
'&"}
.• ! ; x I ©Bj • >o3 7.8£ e.i
.... i
’
•
e .
.
- f •• >dT .
.
1
1 so -to' : a • 13 -i *f
. .
• >
.
.
'
>
1
..... i [i t QCU
i): t
'
, S, t.L •>
'j n -3 . .Jr U. „ . O; 'L
r
, -1 £.1
.
. ,
•
.
-
S T9q srfT ..
•
, C •> .•}'<' : 'I
L - .V 1 T.
.
.
3 B si tn
'
. .
'
. .
- gra.gd
.
/ i ; ‘ . 1 .
'
.
jr. bd t j j J c’Jl .
'
? 7 JtV/i
J
.
X:
' r
t Ion.
l • . 308
j£{J ' , , ,°I ::i or.; j r-TC -a It too., -r -• : . if? . ’ . si 8*1003 £J«
.
'
• a.L o . r '0 i
[008 C0OOS . | 3 i
. .
:
, , t 4
Showing
the
Distribution
According
to
Time
and
Score
of
Grade
Eight
on
the
Final
A
3
Test
111
oa
o
o
•p
c
0)
CO
CD
-p
d
d
•H
a
d
0)
a
a rH CO co Lo tO p
• « » • * •
u rH i—
i
*
—
i
o o o
0) to to rH o
0h i—
i
P
CO 05
-P co co C\J rH P
o
Eh
i—t co
CO O
to ^
CO to
w to
to to
O rH
to to
rH P
CO 05
CV C\i
CO o-
<M W
LQ
<M 0U
ou to
CM 04
rH CVi to
O iH
C\2
rH C\l to
00 05
r—1 rH
rH rH w
CO C-P P Oi i— rH
LOP P rH to p
CV CO p P (M
O P
i—I r—
I
00 05
CO O-
-P
-P
d
05
o
d
CD
Oh
CO
0)
d
c
•H
a
o
to
op
C.V
0)
a
•H
E-<
d
•H
o
uo
d
&
o
o
o
-p
CO
•
CO
05
05
d
o
o
CO
OOCONCOlO^tOWi—I O 05 00 C— CO0 05 05 05 05 05 05 05 05 05 05 00 00 00 00 COP
<d
-P
O
E-<
0)
d
O
O
CO
0)
fcco
d
cd
04
Median
Score
98.7
Median
Time
18
Minutes
Corrective
Load
78.9%
Mean
Score
98.4
Mean
Time
18.5
Minutes
<& I-...
« • •
. • • 4
o
t*
h 3
t+
o
112
•fc$.
CD
05
00
•P o XJ
G o ©
© rH oO CD O P)
• • «
-P
G <H 00 o CD
0) 05 o >
Oh rH -p •H
G -P
© OO ©
o © i—
1
G
X! cd G G
© -P -p C\2 CO LO CD O
G o CO CO CG O
o G Eh
« O
CO
rH1 CD Oi C\i
X) G 'd ^
G CD w
© > CD O CD
© CO >*©
-P
<D CO 3
a ^ LQ CCi Cci G w
•H XJ to CO •H CD
Eh G a © jJ)
© 3© C\i CO i—
1
rH
O w to CO LO
-P 5h
-P © +5 CD 3 *H
*> Ui -P O rH rH rH G 3
W> •H 0 3 to CO o •rH
G G -p a <-©
•H 00 05 •
LO XJ © CO a c\c ca CD CD 05
LO 5 <D rH rH
o XJ <Jj G CD f- rH rH
w o .3 •H C\i Cvi4 o G rH CD
< a © CD ^ LQ co CO a
G a CV CV •H ©
Eh G •> *H •H Eh a
O © (x< Eh c\i co rH rH •H Q)
•H a, W cvi G Eh a
-P 3 •H •H
3 o O rH rH i—
1
C\i G Eh
rQ G Qt W CD ©
•H O 00 •H G
G 00 05 "d* G XJ cd
-P r-
H
rH r—\ © © ©
Ui a) a a
•H -p CD W rH COQ G rH rH
CD
© a ^ LD CV* cvc
,G •H rH rH
-P G O
CD CVC CO ^ rH LO O
tUO Q
n
i
—
1 rH rH
G X
•d W O rH o
* rH rH -p
o ©
,G .G CD 05 CO CO c- 05
CO •p « •
CD e- rH 1—1 00 O 05
05 O 05
©
g
o
o
CO
005COtS«3iO^(OW00505050505050505
©
G
© O ©
rH O G
© CO O ©
-p O G
o G CO O
Eh •H O
G CO
© ©
tiO *H G
G XJ ©
© © ©
« a a
•*
C- £u
£0
« t
1
-
• •»
•a o
f
€
115
LfJ CO
• »
03 O
rH CO
co
cO
9
CQ
eh
a
d
o
d
o
o
Sip
c
o
u
CL)
p
P
o
p>
cq
0
tuO
c •»
•H -p
S-8)
0
B
•H
E-i
02
"d
0
CO l/J lO CO CO 03 03 03
• • » • > • « • « »
Si crc 03 03 CV2 cvi Oi Oi Oi 03
0) rH rH oi 03
cd
P>
o
E-t
CO 03 W ^ .Ai H Oi
co
Oi CVi
C«
Oi oi
O -H
V W
U
<JJ TO
Oi CO
oi oi
1
—
1
Oi Oi
O i—
1
rH rH
S3 Oi Oi
S3 cd
O ao os Oi Oi rH
•HP *H rH i—
d co co e- 1—
1
Oi rHp rH rH
•H CQ
Si <U ^ CO rH CO r—
1
P TO rH rH
UJ aj
•H Sr Oi CO 1—
I
OiQ CO 1—1 rH
a) O -H
43 rH i—
-p
00 03
HO
S3 co t>-
•H
*
O
43 0)
CO u o 03 OO e'-
o o 03 03 en
o 1—
CO
cO
oo
cQ
o tjO cd
rH O
P)
-p
as a)
>
-P -H
S3 -P
0) o
CO 0)
u
S< S-,
0) o
Or O
CD Eh CQ
Si 02 0
o co CO o rH rH -P
O CO d
CO < S3 CQ
LO rH rH •H 0
T) rH CO CO 33 CQ P
S3 cd 0 d
id S3 CQ Oi CO rH rH oo P d
•H 0 CO CO CO d •H
0 f*1 P S3 3
S d o 1— rH rH 02 o •H
•H 0 S3 CO CO p 3 O
Eh 43 •H •
-p 3 ao 03 rH rH Oi O •H
O Oi Oi rH Oi Oi
-P d S3
O •rH CO r> rH rH
0)
s
•H
Eh
S3
•H
(U
9
•H
EhS3
a) aj
fctf) -H
d "d «s
0) CD3 m5
O
o
CO rH
op
e- i—i
• •
lO CO i>-
00 03 03
0
Si
0 o 0
rH o Si
cd CO O 0P o (h
o S3 CO O
Eh •H O
d C/2
0 cd
uo •H d
S3 TO cd3 0 03 3
cH*
c&
• * • # * <* * * * *
/> Vi *4,
IP
£0
1
a
CM Yff (V! QJ ffl
M*
/i
*-+ hv
-TO
C-
€
114
^ CD
• i
sP ID
^ P
T
3
S3
cd
0 p
a 0
•H 0
eh eh
o .p CL,
M3
c
cd
0) S,
x: o
M
S3
t
o
X
CO
p
S3
0O
S,
0
CL,
cdP
O
Eh
*
00
!>- E- C~- COtilt
CO CD CD lO
to to to i—
I
cv
O PP UN2
EG
CVi
05
ao
i^-
CD
OO
x>
p
Od
oO Id
rH opp
aj 0)
P -H
S3 P
CD CJ
o CD
S-t
a, o
CQ
CDp
S3
S3
•H
C0
0)P cd 0 Od 3 0 -p
SH S3 0 0 P
O -H p 05 p P S3
O En S3 rH t\i S3 -H
V q S3 3
<3J 0 •H 00 o •H
X! 3 i—
1
p 3 tOp S3 P •
O S3 t» CD C\i >vt1
w •H S3 •H r~H l—1 rHp P O
SQ 3 0 CD
«3 P 0 a i—
i
0H •H > •H a
Sc -H Eh P 1—
1
rH •H 0P PH rH Eh a
CO •H 0
•H 0 *d< rH rH CM S3 Eh H
a Td i— •H •H
S3
CD COM -H
a -n
cd CD
« 3
cd
(D3
CO CO
OO
op ^
•
O N W
00 05 05
CD
S, OCDWCO^OCDWOO^OCOW®^
O Od)05COCDCOMSCDCDCDiOlO^^
V rH
CO
0
U0 O 0
rH O Sh
cd CO o 0P o Sh
o S3 co o
Eh •H o
q CO0 3M •H qC T3 cd
m 0 0
P3 3 3
ro
w
*
-
•
K.
r :•
I « « «
.
«
0-> V f
" p '•
r-
-h
•
C' <• *
t r •
r
5 1 • : .
<4
r
time is 6 to 25 minutes, the median time is 12 minutes, and the mean
time 14.5 minutes. The per cent of scores at 100 is 44.4, and the
corrective load is 55.6 per cent.
Table 58, showing the distribution according to time and score of
grade 6 on the final M.P. Test, shows that the range in score is 52 to
100, the median score is 80, and the mean score is 76.0. The range in
time is 10 to 25 minutes, the median time is 16.5 minutes, and the mean
time is 16.7 minutes. The per cent of scores at 100 is 4.^ and the
corrective load is 95.5 per cent.
Table 59, showing the distribution according to time and score of
grade 7 on the final M.P. Test, shows that the range in score is 80 to
100, the median score is 96, and the mean score is 94.6. The range
in time is 6 to 19 minutes, the median time is 11 minutes, and the
mean time is 11.6 minutes. The per cait of scores at 100 is 41.2, and
the corrective load is 58.8 per cent.
Table 60, showing the distribution according to time and score of
grade 8 on the final M.P. Test, shows the range in score is 64 to 100,
the median score is 88, and the mean score is 66.5. The range in time
is 7 to 17 minutes, the median time is 11 minutes, and the mean time
is 11.9 minutes. The per cent of scores at 100 is 5.5, and the cor-
rective load is 94.7 per cent.
Table 61 showing the distribution according to time and score of
the experimental groups, grades 5 and 7, on the final M.P. Test, shows
that the range in score is 80 to 100, the median score is 96, and the
mean score is 95.5. The range in time is 6 to 25 minutes, the median
time is 12 minutes, and the mean time is 12.9 minutes. The per cent
.
.
. 'rt * vj ? ')’>' r>
.
.
* 0 »DV ' . .
.
.
>o :( . ;C .1. j -j. n o
*
•
•
-
-
.
v ' ‘
.
. ,d„£6 tl t00J
'
r • . . .
' f£B9fl
.
• • o , * ix. L j . ?itv;TTOv zdi
91003 n
.
•
.
'
-
•
*
ii& nl s; . . . - ^
9 . ii n&eta odd '.i.
:
,£ jun ‘Jo IX ax eiaid* aaloain arid- < asd-uxti at Vi cl V gr
- S.
. 1 v \ ":i 3X .. ol
' r
,
d -r a, 1 '- / : 'j r : - ;.J'
. j i
[ ‘ . i. ..J , 'A , , . I! . . .
I .
'cA
tO tO
t »
to
05
XJ
c!
csS
CD
S
•H
Eh
o
-p
-p
w
CD
Eh
-P
S3
CDO
U
CD
0-.
cd
•P
o
eh
CL, rH O to
td) • OH -P OH
S3 a
•H O
X* rH CO OH
f-t to CD
o c -P 05
O -H S3 rH
O Ct, S3
•H 00
CO CD a rH
to S3 JO
O -P S3 tH
fx3 •H •H rH
uO -P S3
CQ S3 O CD CDC 43 a rH
&H •H X •rH
H *H H toP CO i—
1
CO
•H CDQ XJ rH
C(J
CD Jh CO
43 CO
-P
rH
<H OH
CtO O
S3
i—
1
•H CD i—
i—
o o
43 O O
CO CO rH
05
00
C>-
co
U3U3^U3NCOL5iO U) I—I LQ I—
|
• • • •
05 ^ 05
rH OH H OH
i—
I
O x3O «j
rH O
h-3P
cci CD
>
-P •H
S3 •p
tO CD CD o
» • O CD
Sl« 05
05 S3 in
CD O
Oh CJ5
rH OH CQ
OH CD
-P
3
S3 10 ax
•H CD CD
OH a -P •P
3S S3
to S3 S3
OH OH •H •rH
a a
O
-P to C"-
• «
o CD CD
rH rH .—
1
—
1
rH OH
CD
OH a
•H CD
Eh fl
OH •H CD
S3 Eh a
•H •H
CO S3 EH
CD 3
tiO *H S3
OH S3 xs cd
ccS CD CD
o3 a a
on o
o
o
-P o
W O CD
to co
CD
f-i QCDWOO^CCDWOO'vCOCDWOl}^ 05
O OCDO)COCOCOSt>-CDCDCDU)LO^^ rH
O rH 75 «J
CO
-P
o
O CD
O S-.
O O
O
S3 CO
(D
Sh
O
O
S3 CO
CD tO
UOvH
fl d td
CO CD <DKSS
• • ** • » *
n (. '
CO
ft;
~3
.
r?L'.
r
v
•
•
r
*
*
117
rd
g
cd P
CD CO
a CD
*H Eh
Eh
•
O PhP
sM
S3 H
•H cd
TO G
G •H
O Ch
o
o CD
< •G
05
-P
LO c
o C
uQ •H o
>-3 -P
CQ 3 GP CD
E-t •H >
g CDP C/3
tfi
•H 0)Q rG
cd
CD G
-G cO
-p
t*Q O
S3
•H 0)
G
o O
-G o
CO CO
-p
O W ^ 05 05 CD 05
• ••»•»
G H ® U) icj H ifl
CD 03 i—
i
Or
03 00
• t
H 00
LO
O 'O
o CO
1
—
1 o
P3
-p
cd CD
>
-P •H
a P
CD O
rH o 0)
• G
o G Go CD O
rH Oh O
03
CO
CD
1
•H
G
•H
CD
s
P LQ rH rH Cy r—
1
O CO
o H CD
Eh P
3 CO
G CD
LQ •H CO P
(.Vi a CD 3P GO 05 3 -H
03 rH g a
•H
05 rH rH O S ID
rH P •
rH rH
00 rH rH Oi CD rH rH
CD
UP
to
rH
03
03
to
03
03
a;
a
•H Q)p a
•h a)
g e-« s
•H *H
S3 E-i
a) cd
CuO *H S3
G Td cd
0) <DS SI
O
05 rH rH
00
D- 03
CD 03
CD
G OCD03 00''tfOCD03COs}COcD03 00'<G
O OmOJODCDCO^NCOCDCDcOiiO^^
O rH
CO
O
op
03
op CO
»
03 o CD "cr1
00 05 05
03
CD
G
CO O CD
1
—
1 o G
£ CO O CDo G
o G CO O
EH •H O
G CO
CD cd
uo •H G
c Tj cd
cd CD CD
P3 ^5 S
*u r -
vT
• *
‘
V-
118
to c--
* •
lO ^
03
+3
G
0)
•d
G
G rH
-P G
0 w -P
e 0 O
•H E-t E-t
E-t
•
o CU rH O uo
-p • Cvi -P Oi
”=a
do o
G rH (M
*H G
TS G CO 03
G *H 0 r—
*
O Pn -P
O G 03
U 0 r^ rH
o <3 x; •H
CD -p g: O
G rH
w O G G
•H O •H CD
CQ -P rH
G +J ©
E-* X x B lO
•H tu3 •H 1—
1
G *H E-t
-P W G (
M rH
•H 0Q T3 to
G rH
0 G
X! CD Cs2
+3 i—
I
Cm
to O rH
G rH
•H 0
S G O
o o i—
XI o
CO CO 03
CD
CD
<D
G
O
O
CO
rH tO rtf tO C\i
Cd
<M
rH
03
C\2
CO
to
OCDC\iCO'^OCD;\2 TO^O‘-OC\2 CO^005 CSS(DCOCONNtflCOCDU3 iO^^
O TJO G
rH O
tj
-p
G ©O tO CO H 00 H LO tO to <M >
• » » »
-P »H
G to ID H IQ H C LQ LO o G 4^
0 rH C\2 rH C\i rH o 0 WO (13
In
G G
0 O
a. o
(0
0
-p
G
to
•H 0
m CO 4-3
0 G
o-
rH s
G
•H
G S
O •H
-P a 03
N H H
©
s
•H Q)
E-t E
•H
C E-t
•H
G
<13 G
dfl*H
§
Tf
03
03 S
0
e
•rl
E-t
G
G
0g
to OO
rH
r—
1
O
-P lO
•
00 CD
CD CO 00
W
rH 0
G G
-P O 0
O C3 G
E-t CO O 0
O G
G CO O
•rH O
G CO
© G
do •H G
G T5 G
G 0 ©
03 a a
* * «
h- i
c-
Cl
c
119
rH Cl
• •
P- Oi
to CD
-P
d
CDO
CO
H O ^ (O N
CD to
a.
O CDP
CD P
fH H
O £3 d
O O P to
CO O rH
#* Eh
xJ d
d <D
d > rH O U2 rH
CD CVi P Oi
CD CO
s o
•in t) w
Eh d
d at
O P CO i—iP CD CO CD
> CD P oo
hfl-H Eh d rH
d d
rH *H • •H c-
CD
;
P CO CD,
d CD • S3
rH
w o
-d g d cop O aj •H i—
i
PQ U
<4 <4 CO d CD co rH
Eh d S rHd •» -h •H
O fflfe Eh rH
•H CXtp d i
—
1
d o to rHP ^
•H O rH
U W <—1P rH i—!
co d
•H P i—
1
C\2Q d rH
CD
CD g op -r
1
P tn t—
!
CD at
to a,
d x
•H W CO
ts e» CV2
O CD
P P to
CO P
<D
u O
o o
o pH
O
cvi
H h M1 in
(O Ol 'J' ^ 10 w
t—I rH rH
05
01
at
tf)
to
rH
rH
C\2
to
to
iQ
o
o
p
BJ
-p
fl
CDO
f-H
0)
tj
a
oP
CD
t>
&
o
CD
h
U
O
P-i o
co
<dp
d
c
u-j
C\2
O
-P
CO
CDP
d
S3
•rH
S! Ot
OWN
CD
E
•H
E-i
d
•H
c3
cd d
UO *H
S3 X)
aJ CD
« s
cv o
o
rH
to OP LO
LO »O CO to
CO at at
CO
rH CD
aj fnp O CD
o O Sh
Eh CO o CD
o Ch
d CO oH o
d CO
CD 03
bO •H d
d T3 d
3 CD 0
cd s S3
•....
<-».
<:
>,
• o . J o: ''> H C r • O <;. !/-
it- >: (.u c\i o> c. o> -5 cr* < o-<r c
i-o
(£
/•
c.
*
» G.1 > <
K- r.
r
!•
f
C
of scores at 100 is 57.1, and the corrective load is 62.9 per cent.
Table 62, showing the distribution according to time and score of
the control groups, grade 6 and 8, on the final M.P. Test, shows that
the range in scores i 52 to 100, the median score is 84, and the mean
score is 80.9. The range in time is 7 to 25 minutes, the median time
is 14 minutes, and the mean time is 14.5 minutes. The per cent of score
at 100 is 4.9, and the corrective load is 95.1 per cent.
Tables 65 through 68 show the same information for the final tests
as tables 27 through 52 showed for the initial tests. A detailed dis-
cussion of the plan of these tables was given in Chapter III.
Table 65 shows the distribution of scores on a percentage basis for
all grades on the final A.P. Test. A study of this table shows that
the grades which received remedial work rank higher than the grades in
the control group. The per cents of scores at one hundred are 44.4,
18.2, 70.7, and 10.5 for grades 5, 6, 7, and 8, respectively.
Table 64, which shows the distribution of scores on a percentage
basis for all grades on the final A 5 Test, reveals that the grades of
the experimental groups range higher than the grades of the control
groups. The per cents of scores at one hundred are 88.9, 18.2, 94.1,
and 21.1 for grades 5, 6, 7, and 8, respectively.
Table 65, which shows the distribution of scores on a percentage
basis for all grades on the firal M.P. Test, shows that here again the
grades of the experimental group show up much higher than the grades
of the control groups. The per cents of scores at 100 are 44.4,
4.5, 41.2, and 5.5 for grades 5, 6, 7, and 8, respectively.
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TABLE 63
Showing the Distribution of Scores on a Percentage
Basis for all Grades on the Final A.P. Test
Grade 5 Grade 6 Grade 7 Grade 8
Score
.
A. P A. P. A. P. A. P.
100 44.4 13.2 70.7 10.5
96 33.3 4.5 11.8 26.3
92 5.6 18.2 17.6 15.8
88 11.1 13.2 26.3
84 5.6 9.1 5.3
80 18.2 5.3
76 4.5 5.3
72 4.5 5.3
68
64
60
56 4.5
Total 100.0 99.9 100.0 100.1
Median 96.0 88.0 100.0 92.0
Mean 96.0 86.7 98.1 89.9
Per Cent
at 100 44.4 13.2 70.7 10.5
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TABLE 64
Showing the Distribution of Scores on a Percentage
Basis for all Grades on the Final A 3 Tests
Grade 5 Grade 6 Grade 7 Grade 8
Score A 5 A 5 A 5 A 3
100 88.9 18.2 94.1 21.1
99 11.1 15.6 5.9 31.6
98 22.7 31.6
97 9.1 10.5
96 4.5 5.3
95 4.5
94
95 9.1
92 4.5
91 4.5
90
89
88
87 4.5
86 4.5
Total 100.0 99.7 100.0 100.1
Median 100.0 97.7 100.0 98.7
Mean 99.9 96.0 99.9 98.4
Per Cent
at 100 83.9 18.2 94.1 21.1
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TABLE 65
Showing the Distribution of Scores on a Percentage
Basis for all Grades on the Final M.P. Test
Grade 5 Grade 6 Grade 7 Grade 8
Score M. P . M. P. M. P. M. P.
100 44.4 4.5 41.2 5.3
96 4.5 29.4 15.8
92 16.7 13.6 5.9 21.1
88 16.7 4.5 5.9 15.8
84 16.7 18.2 11.8 21.1
80 5.6 15.6 5.9
76 4.5 10.5
72 4.5 5.3
68
64 4.5 5.3
60 9.1
56 4.5
52 9.1
48
44 4.5
Total 100.1 99.6 100.1 100.2
Median 92.0 80.0 96.0 38.0
Mean 92.4 76.0 94.6 36.5
Per Cent
at 100 44.4 4.5 41.2 5.3
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The mean scores are 92.4, 76.0, 94.6, and 86.5 for grades 5, 6, 7, and
8, respectively.
Table 66, which shows the distribution of scores on a percentage
basis for the experimental group and the control group on the final
A.P. Test, shows that the scores of the experimental groups range higher
than the scores of the control group. The per cent of scores at 100
was 57.1 for the experimental group and 14.6 for the control group.
The mean score of the experimental group is 97.0, and the mean score
for the control group is 88.2.
Table 67 shows the distribution of scores on a percentage basis
for the experimental group and the control group on the final A 5 Test.
This table shows that the experimental group has 91.4 per cent of its
scores at 100, while the control group has 19.5 per cent of its scores
at 100. The range of the control group is 86 to 100.
Table 68 shows the distribution of scores on a percentage basis
for the experimental group and the control group on the final M.P. Test.
The per cents of scores at 100 are 57.1 and 4.9 for the experimental
group and control group, respectively. The range of the scores of the
experimental group is 80 to 100. The range of the scores of the control
group is 44 to 100. The mean scores are 95.5 and 80.9 for the experi-
mental and control group, respectively.
Tables 69, 70, 71, and 72 are constructed on the same plan go a
discussion of the form of table 69 will be equally applicable to tables
70, 71, and 72.
Table 69 is constructed to show the comparisons between the initial
scores and the final scores on the A.P. Test of each experimental group
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TABLE 66
Showing the Distribution of Scores on a Percentage Basis for the
Experimental Group and the Control Group on the Final A.P. Test
Experimental Group Control Group
Score Grades 5 and 7 Grades 6 and 8
100 57.1 14.6
96 22.9 14.6
92 11.4 17.1
88 5.7 22.0
84 2.9 7.5
80 12.2
76 4.9
72 4.9
68
64
60
56 2.4
Total 100.0 100.0
Median 100.0 88.0
Mean 97.0 88.2
Per Cent
at 100 57.1 14.6
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TABLE 67
Shovdng the Distribution of Scores on a Percaitage Basis for the
Experimental Group and the Control Group on the Final A 3 Test
Experimental Group Control Group
Score Grades 5 and 7 Grades 6 and i
IOC 91.4 19.5
99 8.6 19.5
98 £9.3
97 9.8
96 4.8
95 £.4
94
93 4.9
9£ £.4
91 £.4
90
89
88
87 £.4
86 £.4
Total 100.0 99.9
Median 100.0 98.0
Mean 99.9 97.1
Per Cent
at 100 91.4 19.5
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TABLE 68
Showing the Distribution of Scores on a Percentage Basis for the
Experimental Group and the Control Group on the Final M.P. Test
Score
Experimental Groups
Grades 5 and 7
Control Groups
Grades 6 and 8
100 37.1 4.9
96 20.0 9.8
92 11.4 17.1
88 11.4 9.8
84 14.3 19.5
80 5.7 7.3
76 7.3
72 4.9
68
64 4.9
60 4.9
56 2.4
52 4.9
46
44
_
2.4
Total 99.9 100.1
Median 96.0 84.0
Mean 95.5 80.9
Per Cent
at 100 37.1 4.9
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TABLE 69
Showing a Comparison of Mean Scores Obtained in the
Final A.P. Test with the Mean Scores Obtained in the
Initial A.P. Test, for Grades 5 and 6, 5 and 8, 7 and
6, 7 and 8, and 5 through
A. P.
7, and
. Test
7 through 8
Grade Group Initial
Test
Final
Test
Gain Difference
Between Groups
5 Experimental 69.7 96.0 26.5 20.2
6 Control 80.6 86.7 6.1 P.E.± 2.60
5 Experimental 69.7 96". 0 26.5 20.4
8 Control 84.0 89.9 5.9 P.E. — 2.07
7 Experimental 77.0 98.1 21.1 15.0
6 Control 80.6 86.7 6.1 P.E.± 2.56
7 Experimental 77.0 98.1 21.1 15.2
8 Control 84.0 89.9 5.9 P.E. —1.75
5 and 7 Experimental 75.5 97.0 25.7 17.7
6 and 8 Control 82.2 88.2 6.0 P.E.d: 2.10
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compared with each control group. In this table the grade, group
(whether experimental or control), score on initial test, score on final
test, gain in score and differences in gain between groups are shown
at the top of the table. The five combinations cf groups are listed in
the left hand column. In this way the scores of each experimental group
are compared with the scores of each control group to show the relative
gain in the final tests over the initial tests. For example, a study
of this table shows that grade 5 had a gain in mean score of 26.5 on
the A.P. Test, and that grade 6 had a gain in mean score of 6.1. The
difference in gain between the two groups is 20.2. This difference is
in favor of grade 5, an experimental group. The difference in gain
between grades 5 and 8 is 20.4. This gain is in favor of grade 5.
The difference in gain between grades 7 and 6 is 15.0. This gain is
in favor of grade 7, an experimental group. The difference in gain
between grades 7 and 8 is 15.2. This gain is in favor of grade 7. The
difference in gain between the experimental group as a whole and the
control group taken as a whole is 17.7. This difference is in favor
of the experimental group.
Table 70 shows the comparisons between the groups on the A 3 Test.
The differences in gains in this table are relatively small because the
gains were small due to the comparatively high scores on the initial
A 3 Test. The difference in gains between grades 5 and 6 is 6.5. This
gain is in favor of grade 5, an experimental group. The difference in
gains between grades 5 and 8 is 4.7. This gain is in favor of grade 5.
The difference in gains between grades 7 and 6 is 4.1. This gain is in
favor of grade 7, an experimental group. The difference in gains be-
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TABLE 70
Showing the Comparison of Mean Scores Obtained in the
Final A 5 Test with the Mean Scores Obtained in the
Initial A 3 Test for Grades 5 and 6, 5 and 8, 7 and 6,
7 and 8, and 5 through 7, and 6 through 8
A 3 Test
Grade Group Initial
.
Tegt
...
Final
Test
Gain Difference
Between Groups
5 Experimental 94.4 99.9 5.5 6.5
6 Control 97.0 96.0 -1 P.E.± .68
5 Experimental 94.4 99.9 5.5 4.7
8 Control 97.6 98.4 0.8 P.E.tSL
7 Experimental 96.8 99.9 3.1 4.1
6 Control 97.0 96.0 -1 P.E.168
7 Experimental 96.8 99.9 3.1 2.3
8 Control 97.6 98.4 0.8 P.E.-31
and 7 Experimental 95.5 99.9 4.4 4.5
and 8 Control 97.2 97.1 -1 P.E.i46
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This gain is in favor of grade 7. Thetween grades 7 and 8 is 1.5.
difference in gains between the experimental group taken as a whole
and the control group taken as a whole is 4.5. This difference is in
favor of the experimental group.
Table 71 shows the comparison between the groups on the M.P. Test.
This table shows that the difference between the gains of grade 5 and 6
is 17.6. This difference is in favor of grade 5, an experimental group.
The difference between the gains of grades 5 and 8 is 23.5. This gain
is in favor of grade 5. The difference between the gains of grades 7
and 6 is 12.4. This gain is in favor of grade 7, an experimental
group. The difference between the gains of grades 7 and 8 is 17.5.
This difference is in favor of grade 7. The difference in gains be-
tween the experimental group taken as a whole and the control group
taken as a whole is 18.1. This is in favor of the experimental group.
It will be noted that in every case there is a substantial gain
in the scores of the experimental groups. With but one exception there
is a small gain in the scores of the control groups. This exception
is grade 6 on the A 5 Test. In this case the final mean score is one
point lower than the initial mean score.
In every case the gains of the experimental groups are substan-
tially greater than the gains of the control groups.
The Probable Error of the difference between means is shown under
the numbers showing the difference in gains in tables 69, 70, and 71.
Holzinger points out that if the difference between mean scores
1/ Holzinger, Karl J., Statistical Methods for Students in Education.
University of Chicago Press, Chicago, Illinois, 1938, p.237.
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TABLE 71
Showing a Comparison of' Mean Scores Obtained in the
Final M.P. Test with the Mean Scores Obtained in the
Initial M.P. Test for Grades 5 and 6, 5 and 8, 7 and
6, 7 and 8, and 5 through 7, and 6 through 8
M. P. Test
Grade Group Initial Final Gain Difference
Test Test Between Grouos
5 Experimental 69.7 92.4 22.7 17.6
6 Control 70.9 76.0 5.1 P.E.i 3.13
5 Experimental 69.7 92.4 22.7 22.5
3 Control 86.3 86.5 0.2 P.E.
- 2.60
7 Experimental 77.1 94.6 17.5 12.4
6 Control 70.9 76.0 5.1 P.F,.-t 3.03
7 Experimental 77.1 94.6 17.5 17.3
8 Control 86.3 86.5
1
° • 7*3 P.E.^ 2.47
5 and 7 Experimental 73.4 93.5 20.1 19.1
6 and 8 Control 79.9 80.9 1.0 P.E. - 2.83
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is four times the P.E., the difference may be considered statistically
significant.
determine the P.E. of the difference between the mean score of each
final test for each experimental group and the mean score of each final
test for each control group. That is, the P.E. of the difference be-
tween the mean score on the final A.P. Test for grade 5 and the mean
score on the final A.P. Test for grade 6 was determined by the above
formula. The P.E. was found to be 1.69 as shown in the right hand
column in table 69.
The P.E. for the difference between the mean scores were deter-
mined by the same methods and are found in the right hand columns of
table 69, 70, and 71.
Table 72 is constructed in the same form as 69, 70, and 71. This
table shows the comparisons of the same groups on the mean scores of
the three tests taken together. That is, the mean of the mean scores
on the A.P., A 3, and M.P. Tests was determined for use in this table.
For example, the mean of the initial A.P., A 3, and M.P. mean scores
for grade 5 was 77.9 as shown in the third column from the left on this
table
.
This table shows that the difference in gain in mean scores between
grade 5 and grade 6 on the final tests over the initial tests is 14.8.
This difference is in favor of grade 5, an experimental group. The
difference in gains between grades 5 and 8 is 15.9. This difference is
in favor of grade 5. The difference in gains between grades 7 and 6 is
10.5. This difference is in favor of grade 7, an experimental group.
The formula was used to
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TABLE 72
Showing a Comparison of Mean Scores Obtained in the
Final A.P., A 3, and M.P. Test with the Mean Scores
Obtained in the Initial A.P., A 3, and M.P. Tests
for Grades 5 and 7, 5 and 8, 7 and 6, 7 and 8, and
5 through 7, and 6 through 8
Mean Score on A.P.. A 3, and M.P. Tests
Grade Group Initial
Test
Final
Test
Gain Difference
Between Grouos
5 Experimental 77.9 96.1 18.2 14.3
6 Control 82.8 86.2 3.4
5 Experimental 77.9 96.1 18.2 15.9
8 Control 89.3 91.6 2.3
7 Experimental 83.6 97.5 13.9 10.5
6 Control 82.8 86.2 3.4
7 Experimental 83.6 97.5 13.9 11.6
8 Control 89.3 91.6 2.3
and 7 Experimental 80.3 96.8 16.5 13.7
6 and 8 Control 86.1 88.9 2.8
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The difference in gains between grades 7 and 8 is 11.6. This difference
is in favor of grade 7. The difference is gains between the experi-
mental group taken as a whole and the control group taken as a whole is
13.7. This difference is in favor of the experimental group.
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CHAPTER VI
SUMMARY AND CONCLUSION
The objective of the experiment as stated in Chapter II was, "To
obtain criteria on the basis of which could be determined the value of
diagnostic and corrective work, and to determine whether accuracy
nearing 100 per cent could be attained."
To obtain this criteria, Wilson's A.P., A 3> and M.P. Tests were
given to the pupils of grades 5, 6, 7, and 8. The number of pupils
participating at the beginning of the experiment was 90. During the
four months period that the experiment was carried on, fourteen of
these pupils were discharged from the school. The final tests were
given to 76 of the original 90 children.
Grades 5 and 7 were set up as experimental groups, and grades 6
and 8 as control groups. The experimental groups were given intensive
remedial work in the processes of addition and multiplication. Ap-
proximately one hour each week was used for this purpose* This time
was taken from the regular arithmetic periods. The control groups con-
tinued with regular arithmetic work, but did not receive any special
remedial work during the period.
At the close of the experiment, Wilson's A.P., A 3, and M.P. Tests
were given to determine the gains in all groups for comparisons. The
purpose was to determine the value of such procedure in the school.
A study of the scores of the grades included in this experiment
on the initial tests would seem to indicate that the work in the funda-
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mentals is not done with a high degree of accuracy. The range in the
scores in the A.P. Test was 44 to 100, with only three pupils, or 3.3
per cent of the group at 100. The mean score was 78.0. This appears
to mean that very little of the work in addition was taught to a degree
nearing 100 per cent accuracy.
The mean scores of 69.7, 80.6, 77.0, and 84.0 for grades 5, 6, 7,
and 8, respectively, on the initial A.P. Test, seems to show that compari-
tively little is done in those four grades to increase appreciably ac-
curacy in the process of addition.
A study of gains made by the experimental groups during the
period of intensive remedial work would seem to show the comparitive
ease with which efficiency in addition can be definitely improved. A
study of scores of grades 5 and 7 on the final A.P. Test would indicate
that accuracy nearing 100 per cent is quite possible to attain for a
large majority of the pupils of these grades.
Comparing the results on the initial and final M.P. Tests tends
to show the same trend.
The attitude of the experimental groups toward arithmetic was
definitely improved during the experiment. This improvement in attitude
apparently was due to the pupils' satisfaction in their ability to
succeed with a high degree of accuracy in their work.
After an analysis of results of the experiment it would seem
sound to make the following conclusions:
1. There is not a high degree of accuracy in the processes
of addition and multiplication in the grades included in this experiment,
in the school considered, at the beginning of the experiment.
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2. A high degree of accuracy, and indeed accuracy nearing
100 per cent, can be acquired by pupils in these grades. Pupils of
grades 5 and 7 reached 100 per cent scores in tests A.P., A 3, and
M.P., respectively as follows: 57.1 per cent, 91.4 per cent and
37.1 per cent.
The short time spent upon this work gives basis for the sug-
gestion that fully 90 per cent of the upper grade pupils can be helped
to reach the perfect score in the four fundamental processes.
3. Emphasis on accuracy and the pupils' ability to achieve
accuracy, is an aid in motivating work in arithmetic.
4. Process difficulties are common in the processes of
addition and multiplication with pupils of these grades.
5. The habit of checking is not common, but when acquired
is a great aid to accuracy.
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